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When  I began  teaching  Botany  in  the  Hughli  College 
for  the  B.A.  Examination  in  January  1879,  I felt  the  want 
of  a text-book  adapted  for  Indian  students.  The  plants 
given  as  examples  in  the  English,  American  and  German 
text-books  are  not  procurable  in  India,  and  thus  render 
these  works  unsuitable  for  Indian  requirements. 

These  pages  are  the  result  of  my  leisure  hours  for  four 
years.  Almost  everything  in  this  volume  is  deduced  from 
my  own  personal  experiences, 

The  brevity  required  in  an  introductory  treatise  will  be 
my  excuse  if  I omit  the  details  necessary  for  a more  accu- 
rate knowledge.  It  would  be  impossible,  even  were  it 
desirable,  to  define,  in  an  elementary  Avork  of  this  kind, 
every  scientific  term  in  use  by  every  writer. 

As  the  object  of  a study  of  natural  science  is  the  culti- 
vation of  the  observant  faculties  in  the  relation  to  the 
phenomena  of  nature,  the  specimens  for  examination,  both 
by  the  naked  eye  and  by  the  aid  of  a microscope,  must  be 
readily  procurable,  otherwise  the  interest  and  benefit  of 
the  study  is  lost.  From  an  educational  point  of  view,  the 
value  of  an  acquaintance  with  natural  science  lies  not  so 
much  in  the  mere  accumulation  of  facts  as  in  familiarity 
with  the  rjaethods  of  scientific  investigation.  The  man  who 
has  been  well  trained  in  physical  science  has  so  great  an 
intellectual  advantage  over  the  man  who  has  not  been 
thus  trained,  that,  other  things  being  equal,  he  will  be  able 
to  form  a sounder  judgment,  not  only  on  scientific  ques- 
tions, but  on  things  in  general. 

Sir  J.  D.  Hooker  has  stated,  that  “the  pupil  may  well 
afford  to  forget  all  the  Botany  he  has  learned,  provided 
only  that  he  retains  those  habits  which  it  inculcates,  of 
observing  accurately,  reasoning  intelligently,  and  describing 
what  he  has  seen  more  methodically,  accurately,  and  con- 
cisely than  he  would  otherwise  have  done.” 
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Professor  Huxley,  in  an  address  delivered  at  Birmingham 
on  1st  October  1880,  said,  that  “ the  distinctive  character  of 
our  own  times  lies  in  the  vast  and  constantly  increasing 
part  which  is  played  by  Natural  Knowledge.  Not  only  is 
our  daily  life  shaped  by  it — not  only  does  the  prosperity  of 
millions  of  men  depend  upon  it,  but  our  whole  theory  of 
life  has  long  been  influenced,  consciously  or  unconsciously, 
by  the  general  conceptions  of  the  universe,  which  have 
been  forced  upon  us  by  physical  science. 

“ In  fact,  the  most  elementary  acquaintance  with  the- 
results  ot  scientific  investigation  shows  us  that  they  offer 
a broad  and  striking  contradiction  to  the  opinion  so  impli- 
citly credited  and  taught  in  the  middle  ages. 

“ The  notions  of  the  beginning  and  the  end  of  the  world 
entertained  by  our  forefathers  are  no  longer  credible.  It  is 
very  certain  that  the  earth  is  not  the  chief  body  in  the 
material  universe,  and  that  the  world  is  not  subordinated 
to  man’s  use.  It  is  even  more  certain  that  nature  is  the 
expression  of  a definite  order  with  which  nothing  interferes, 
and  that  the  chief  business  of  mankind  is  to  learn  that 
order  and  govern  themselves  accordingly.  Moreover  this 
scientific  ‘criticism  of  life’  presents  itself  to  us  with 
different  credentials  from  any  other.  It  appeals  not  to 
authority,  nor  to  what  anybody  may  have  thought  or  said, 
but  to  nature.  It  admits  that  all  our  interpretations  of 
natural  fact  are  more  or  less  imperfect  and  symbolic,  and 
bids  the  learner  seek  for  truth  not  among;  words  but  among; 
things.  It  warns  us  that  the  assertion  which  outstrips 
evidence  is  not  onty  a blunder  but  a crime.” 

With  reference  to  the  phrase  ‘ applied  science,’  he  stated, 
— “ I often  wish  it  had  never  been  invented,  for  it  suggests 
that  there  is  a sort  of  scientific  knowledge  of  direct  prac- 
tical use,  which  can  be  studied  apart  from  another  sort  of 
scientific  knowledge,  which  is  of  no  practical  utility,  and 
which  is  termed  ‘ pure  science.’  But  there  is  no  more 
complete  fallacy  than  this.  What  people  call  ‘applied 
science’  is  nothing  but  the  application  of  pure  science  to 
particular  classes  of  problems.  It  consists  of  deductions 
from  those  general  principles,  established  by  reasoning  and 
observation,  which  constitute  pure  science.  No  one  can 
safely  make  these  deductions  until  he  has  a firm  grasp  ot 
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the  principles;  and  lie  can  obtain  that  grasp  only  by  per- 
sonal experience  of  the  processes  of  observation  and  of 
reasoning  on  which  they  are  founded.” 

The  practical  benefit  derived  from  the  study  of  the 
abnormal  vital  phenomena  of  plants  has,  of  late  years, 
received  a good  deal  of  attention.  Sir  James  Paget  recently 
counselled  human  pathologists  to  study  the  diseases  of 
plants.  There,  he  said,  you  will  be  able  to  study  elemental 
pathology — the  pathology  of  cells  and  tissues  freed  from  the 
complexity  of  a circulating  blood  and  a nervous  system. 

The  greater  part  of  the  student’s  knowledge  must  always 
be  gained  in  the  field,  or  with  the  dissecting  knife  in  hand. 
Still  he  will  need  to  be  guided  by  the  experience  of  previous 
observers,  and  to  be  acquainted  with  the  recognised  des- 
criptive terms  used  in  his  science.  It  is  for  these  purposes, 
and  not  to  replace,  the  necessity  for  observations  of  his 
own,  that  I have  introduced  the  tables  given  at  pages  5,  7, 
13,  15, 17, 19,  31,  40,  43,  4G,  50  ,53, 65,  and  67.  These  tables 
will  also  be  found  useful  in  describing  plants  (see  p.  71). 

With  reference  to  the  naming  of  plants  found  during 
excursions  (see  pp.  286 — 293).  The  following  works  are 
essential  for  reference.  With  regard  to  flowering  plants, 
consult  Roxburgh’s  Flora  Indica,  Mr.  C.  B.  Clarke’s  Edition. 
Flora  of  British  India,  Hooker:  “This  new  work  might 
be  supposed  to  supersede  Roxburgh  altogether,  but  I do  not 
think  that  non-professional  Botanists  can  use  a book  con- 
taining 15,000  species,  unless  they  have  many  landmarks, 
both  of  orders  and  genera,  well  fixed  in  their  minds.  To 
search  a book  of  this  size  for  a plant  is  worse  than  search- 
ing for  a needle  in  a bundle  of  hay.  Now,  Roxburgh’s 
book,  it  has  been  found  by  experience,  is  a useful  book  for 
planters  and  other  English  denizens  who,  without  being 
great  Botanists,  take  a sufficient  interest  in  the  plants  to 
spend  a little  time  in  really  working  with  a book.” — Clarke, 
lor  the  naming  of  cultivated  plants,  a manual  of  gardening 
by  Mr.  T.  A.  C.  Firminger  will  be  found  useful. 

For  the  purpose  of  naming  non-flowering  plants  (Ferns), 
the  Synopsis  Filicum  of  Hooker  and  Baker  should  be  con- 
sulted (see  pp.  232  and  236).  For  the  naming  of  Mosses 
and  Liverworts,  refer  to  books  mentioned  at  pp.  246  and 
“47.  iSo  plants  are  so  easy  to  prepare  for  the  herbarium 
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as  mosses  ; the}"  easily  part  with  any  moisture  which  they 
have  imbibed ; and  if  common  care  is  used,  they  are  not 
liable  to.  be  spoiled  by  damp  or  seriously  injured  by  the 
depredation  of  insects. 

With  regard  to  the  Thallophyta,  the  English  Edition  of 
Sachs  text-book  (Clarendon  Press)  should  be  consulted; 
also  works  named  on  pages  263,  273,  and  281. 

The  tables  given  at  pages  80 g,  80 /<;,  187,  229,  246,  256, 
and  278  will  be  found  useful  by  beginners  to  enable  them 
to  get  a general  idea  of  the  position  occupied  by  the  vari- 
ous groups  of  plants  in  the  vegetable  kingdom. 

J he  whole  oi  the  present  work  has  been  carefully  revised 
by  Mr.  W.  Botting  Hemsley,  of  Kew. 

“ At  the  meeting  of  the  British  Association  at  Swansea 
in  August  1879,  a new  classification  of  Cryptogams  was 
proposed  by  Mr.  Alfred  W.  Bennett.  He  retains  Sach’s 
class  of  Protophyta  for  the  lowest  forms  of  vegetative  life  : 
but  restores  the  primary  division  of  the  remainder  of 
Thallophytes  into  Fungi  and  Algae,  as  being  more  conve- 
nient to  the  student,  and  at  least  as  much  in  accordance 
with  probable  genetic  affinities. 

“ As  regards  minor  points,  the  Characese  are  removed  alto- 
gether from  Thallophytes,  and  again  constituted  into  a 
separate  group  of  the  first  rank  ; Myxomycetes  are  regard- 
ed as  presenting  a low  type  of  structure,  scarcely  raised 
above  the  Protophyta,  and  not  exhibiting  true  sexual  con- 
jugation ; Volvox  and  its  allies  are  removed  from  the 
Zygosporeae  to  the  Oosporeae ; and  the  Phaeosporeae  are 
separated  off  as  a distinct  order  from  the  Fucaceae. 

“ The  Thallophytes  are,  therefore,  first  of  all  divided  into 
three  primary  classes  : Protophyta,  Fungi,  and  Algae.  The 
Protophyta  are  divisible  into  two  sub-classes,  Protomycetes 
and  Protophyceae.  The  Protomycetes  consist  of  a single 
order,  the  Schizomyces,  of  which  Saccharomyces  is  regarded 
as  an  aberrant  form.  The  Protophyceae  are  composed  of 
the  Protococcaceae  (including  Palmellaceae  and  Scytonemeae), 
Nostocaceae,  Oscillator ieae,  and  Rivularieae.  The  Myxomy- 
cetes are  treated  as  a supplement  to  the  Protophyta. 

“The  Fungi  are  made  up  of  three  sub-classes,  employing 
in  the  main  the  same  characters  as  Sach’s,  but  in  their 
terminology,  using  the  syllable  ‘ spern  ’ instead  of  : spore.’ 
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The  first  division,  the  Zygomycetes  (or  Zygospermese 
Achlorophyllacese),  is  composed  of  the  Mucorini  only  (includ- 
ing the  Piptocephalkhe).  The  second,  the  Oomycetes  (or 
Oospermese  Achlorophyllacese),  comprises  the  Peronosporese 
and  Saprolegniese  (including  the  Chytridiacese).  The  third, 
the  Carpomycetes  (or  Carpospermese  Achlorophyllacese),  is 
made  up  of  the  Uredinese,  Ustilaginese  Basidiomycetes,  and 
Ascomycetes,  the  lichenes  being  included  in  the  last  as  a 
sub-order. 

“ The  Algse  are  arranged  under  three  corresponding  sub- 
classes. The  Zygophycese  (or  Zygospermese  Chlorophyllacese) 
is  made  up  of  the  following  orders  : — Pandorinese,  Hydro- 
dictyese,  Confervacese  (under  which  the  Pithophoracese  may 
possibly  come),  Ulotricbacese,  Ulvacese,  Botrydiese,  and  Con- 
jugatse  (the  last  comprising  the  Desmidiese,  Diatomacese, 
Zygnemacese,  and  Mesocarpese).  The  Oophycese  (or  Osper- 
mese  Chlorophyllacese)  includes  the  Yolvocinese,  Siphonese 
(with  the  nearly  allied  Dasycladese),  Sphseropleacese  ((Edo- 
goniacese),  Fucacese,  and  Phseosporese.  The  Carpophycese 
(or  Carpospermese  Chlorophyllacese)  is  made  up  of  the 
Coleochsetese  and  Floridese. 

“ The  Characese  constitute  by  themselves  a group  of  pri- 
mary importance;  the  Muscinese  are  unchanged,  comprising 
the  Hepaticse  and  Musci  (including  Sphagnacese). 

“ In  vascular  Cryptogam  it  is  proposed  to  revert  to  the 
primary  distinction  into  Isosporia  and  Heterosporia  as 
most  in  accordance  with  probable  genetic  affinities.  The 
Isosporia  consist  of  the  Filices  (including  Ophioglossacese), 
Lycopodiacese,  and  Equisetacese.  The  Heterosporia  comprise 
the  Rhizocarpese  and  Selaginellacese.  In  the  terminology  of 
the  Heterosporia,  the  inconvenience  and  incorrectness  are 
pointed  out  of  the  use  of  the  terms  ‘ Macrospore  ’ and 
‘Macrosporangium;’  and  it  is  proposed  to  call  the  two 
kinds  of  spores,  and  their  receptacles  respectively,  Micros- 
pore, Megaspore,  Microsporangium,  and  Megasporangium  ; 
or  better,  in  reference  to  their  sexual  differentiation,  Andros- 
pore,  Gynospore,  Androsporangium,  and  Gynosporangium.” 

W.  H.  G. 


ClI  INSURAH  ; 

November,  1882. 
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Page  104,  line  5 from  bottom,  for  ‘black  and  green  tea.’  etc.,  read  ' The 
indigenous  or  hybrid  plant  makes  the  best  black  tea.  and  the  plant  pro- 
duced from  seed  originally  imported  from  China,  the  best  green  tea.’ 

Page  179,  line  1,  for  ‘ Ramex,’  read  ‘ llumex,’ 
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CHAPTER  I. 

The  External  Form  of  Plants. 

Animated  nature  is  divided  by  naturalists  into  two 
kingdoms — animal  and  vegetable,  easily  distinguished  from 
each  other  in  their  more  highly  developed  forms,  but  passing 
insensibly  into  each  other  in  their  simple  ones.  In  a botani- 
cal sense,  the  largest  trees  and  the  microscopic  1-celled 
fungi  and  algae  (see  Fig.  92cc,  page  80cZ)  are  alike  plants. 
The  essential  difference  between  plants  and  animals  is  in 
their  mode  of  nutrition.  Most  plants  feed  upon  inorganic 
matter,  which  they  absorb  in  a liquid  or  gaseous  state  ; 
whilst  animals  feed  upon  organic  matter  formed  by  the 
vital  processes  of  animals  and  plants.  Consequently,  plants 
have  no  complex  digestive  organs  ; and  their  classification 
is  based  mainly  upon  their  mode  of  reproduction,  and  upon 
the  infinite  variety  of  modifications  exhibited  by  then- 
reproductive  and  the  hitherto  subsidiary  organs. 

The  study  of  botany  is  best  commenced  with  the  careful 
observation  of  the  different  parts  of  living  plants,  their 
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positions  and  arrangement  in  reference  to  one  another,  the 
order  in  which  they  make  their  appearance,  and  their  uses 
to  the  plant  itself.  Every  portion  of  a plant  which  has  a 
distinct  function  to  perform  in  the  phenomena  of  vegetable 
life,  is  called  an  Organ.  “ The  term  Member  is  used  when 
we  speak  of  a part  of  a whole,  in  reference  to  its  form  or 
position,  and  not  to  any  special  purpose  it  may  serve.  In 
the  same  manner,  from  a morphological  point  of  view,  the 
stems,  leaves,  hairs,  and  roots  are  simply  members  of  the 
plant-form  ; but  a particular  leaf,  a particular  portion  of 
the  stem,  etc.,  may  be  an  organ  for  this  or  that  function, 
which  it  is  the  province  of  physiology  to  investigate.” 

All  the  members  of  the  most  perfect  plants,  such  as 
mangoes,  palms,  ferns,  and  mosses,  etc.,  may  be  referred  to 
a few  original  forms  : ls£,  the  axes  (caulomes),  comprising 

the  root  and  stem,  which  is  the  central  part  or  column 
of  a plant,  around  which  the  other  parts  are  disposed. 
'"2nd,  the  foliage  leaves  fphy Homes),  termed  in  popular 
language  simply  leaves,  the  organs  of  assimilation,  and 
the  transformed  or  metamorphosed  leaves,  which  are  also 
recognized  as  leaf-like,  including  the  thick  scales  of  bulbs, 
the  cuticular  appendages  of  many  tubers,  the  parts  of  the 
calyx  and  corolla,  the  stamens  and  carpels,  many  tendrils 
and  prickles,  etc.  3rd,  the  hairs  (trichomes),  including  root- 
hairs,  glandular  hairs,  etc.,  the  distinguishing  character  of 
which  is,  that  they  all  originate  as  outgrowths  of  epi- 
dermal cells.  In  these  plants  the  process  of  development, 
that  is,  the  gradual  advancement  of  growth,  through  a 
series  of  progressive  changes,  has  given  rise  to  the  produc- 
tion of  a diversity  of  parts  ( differentiation );  hence  the 
term  Cormophyta  has  been  given  to  them.  In  alga)  and 
fungi,  roots,  in  a morphological  sense,  are  always  absent, 
and  the  idea  of  the  leaf,  as  understood  in  the  higher  plants, 
can  no  longer  be  rightly  applied ; for  these  vegetable 
structures  the  term  Tliallophyta  is  used,  the  thallus 
performing  the  function  of  axes  and  leaves.  Although  in 
general  the  distinction  between  cormophyta  and  thallo- 
phyta  is  easily  recognized,  certain  groups  or  both  sides 
possess  so  close  an  affinity  to  each  other,  that  no  sharp 
boundary  can  be  drawn  between  them. 


THE  ROOT. 


3 


Eiff.  1. 


The  Root. 

The  term  Root  is  applied  in  botanical  morphology  (in 
contrast  to  its  use  in  popular  language)  only  to  such  out- 
growths of  the  substance  of  the  plant  as  ai'e  clothed  at 
their  growing  apices  with  a layer  of  tissue,  the  rootcap 
(see  Fig.  1 ).  This  cap  is  well  seen  in  the  aerial  roots  of 
Ficus  Indica  (Bat),  which  are  of  a pinkish  white  colour; 
the  rootcap  is  the  dark  brown  portion  at  the  apex ; it  is 
also  well  seen  in  the  aquatic  roots  of  Lemna.  Roots  occur 
only  in  those  plants  the  tissue  of  which  is  penetrated 

Fi„  2 by  fibro- vascu- 
lar bundles;  and 
they  themselves 
therefore  always 
contain  fi  b r o- 
vascular  b u n- 
dles.  A root  is 
usually  formed 
even  in  the 
young  embryo 
which  proceeds 
from  the  ferti- 
lized ovule,  and 
Seed  of  Lab-lab  is  generally 

StgtSb  termed  the  PH- 
the  radicle  or  Diary  Root  (see 
primary  root.  Figs_  g and  3). 

In  many  dicoty- 
ledons the  pri  ■ 
mary  roots  con- 
tinue to  grow 
vigorously ; i n 
monocotyledons 
and  cryptogams, 
they  are  weakly 
and  soon  die. 
Besides  the  pri- 
m a r y root  s, 
there  are  usually 
formed  in  addition  a large  number  of  secondary  roots  : when 


Fig.  3. 


Longitudinal  section  through  the 
apex  of  a root  shewing  the  rootcap, 
fundamental  tissue,  fibro-vascular 
bundles,  and  epidermal  tissue  magni- 
fied (after  Thome'). 


Cotyledons, 
plumule,  and 
radicle  of  Lab- 
lab  vuhjare. 
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the  stem  possesses  clearly  developed  nodes  and  internodes, 
these  roots  commonly  proceed  from  the  former  (see  Figs.  4 
and  5).  Occasionally  roots  ma}7  arise  in  abnormal  positions 
from  stems,  leaf-stalks,  and  leaves:  these  are  termed  adven- 
titious roots  (see  Fig.  G). 


Fig.  4. 


Cutting  of  Sugar-cane  shewing 
the  secondary  roots  developed 
from  the  nodes. 


Fig.  5. 


Fibrous  secondary  roots  of 
Cynodon  dactylon. 

Fig.  G. 


When  the  radicle  or  primary  root  lengthens  and  dilates 
it  is  termed  a tap-root,  as  in  most  dicotyledons  (see 
Fig.  7).  A fusiform  root  is  a thickened  tap-root,  taper- 
ing towards  the  apex,  the  lateral  branches  being  only 
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slightly  developed,  as  in  Daucus  carota  (Gdjar)  (see  Fig.  8). 
A napiforvi  root  is  a tap-root,  in  which  the  upper  portion  is 
very  largely  developed,  as  in  Beta  vulgaris  (see  Fig.  9). 


Fig-  8. 


Fig.  7. 


Fig.  9. 


Tap-root  as  in  many 
dicotyledons. 


Napiform  root  of  Beta 
vulgaris. 


Fusiform  root  of 
Daucus  carota. 


Secondary  roots,  which  are  fili- 
form ( thread-like),  as  in  grasses,  are 
termed  fibrous.  Fibrous  and  tu- 
berous secondary  roots  occur  in 

Fibrous  and  tuberous  roots  Asparagus  (see  Fiff.  10). 
of  Asparagus.  1 ° . 0 ' 

The  following  abstract  shews  clearly  the  different  forms 
of  roots : — 


(Primary  Foots 

Knots  1 Secondary  Hoots 

t Adventitious  Foots 


FTap  Foot:  Ex.,  Many  Dicotyledons. 

< Fusiform  Foot:  Ex.,  Carrot. 

(.Napiform  Foot:  Ex.,  Beet. 

/Fibrous  Foot:  Ex.,  Grass. 

( Fibrous  and  Tuberous  Hoots:  Ex.,  Asparagus. 

Ex.,  Banyan  and  Bryopbyllum. 
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Roots  growing  free  in  the  water,  as  in  Levina  and  Pistia, 
are  termed  aquatic  (see  Fig.  11).  In  .Ficus  Indica,  roots 
are  given  off  by  the  branches,  which  for  a time  grow  free 
in  the  air : these  are  termed  aerial.  In  some  orchids, 
as  in  Vanda  Roxburgldi,  the  aerial  roots  remain  uncon- 
nected with  the  soil,  fixing  the  plant  on  the  branches  of 
the  tree  on  which  it  grows,  and  drawing  nourishment  from 
the  air  and  the  decaying  organic  matter  that  accumu- 
lates in  the  crevices  of  the  bark:  such  roots  are  called 
epiphytic.  In  Loranthus  (Manda),  &c.,  the  roots  pene- 
trate the  surface  of  the  plant  on 
which  they  grow  and  become 
organically  adherent  to  its  tissues 
so  as  to  derive  nourishment  from 
it ; these  roots  are  termed  para- 
sitic (see  Fig.  12).  Roots  rare- 
ly form  chlorophyll  (the  source  of 
the  green  colour  of  plants) ; usually 
they  are  quite  colourless,  not  only 
when  they  grow  in  the  ground, 
but  also  in  water  or  in  air. 


Fig.  12. 


Aquatic  roots  of 
Lenina. 


Parasitic  roots  of  Loranthus  longiflorns,  growing 
on  a branch  of  Morus  alba  (Tut). 
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Abstract  of  roots  arranged  according  to  the  substance 
from  which  they  draw  their  nourishment : — 


The  stem  is  usually  the  ascending  portion  of  the  axis,  and 
includes  all  those  parts  of  a plant  morphologically  equivalent 
in  bearing  leaves.  Structurally,  it  differs  from  a root 
in  having  no  development  of  cells  forming  a cap  over 
the  growing  apex.  When  the  stem  is  thickened  and 
remains  underground,  as  in  some  Aroulece  (Kachu),  it  is 
■ermed  a Conn  (see  Fig.  13). 


It  i of  very  common  occurrence  with  Cryptogams  and 
Angio  perms  lor  the  axes  to  continue  to  grow  under  - 
gioum,  and  to  send  up  at  intervals  long  folino'e  leaves  or 
shoots.  \\  hen  such  axes  lie  horizontally  or  obliquely  on 
the  griund  and  produce  lateral  shoots,  they  are  called 
rhizome,  examples  of  which  are  to  be  found  in  Zinger- 
hei  acea  (Ada,  Haldi),  Murantacete  (Patl),  NymphceacecB 


The  Stem. 


Fig.  13. 


Section  of  a Corm. 
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(Shaluk),  Ferns,  &c.  Rhizomes  can  be  distinguished  from 
roots  by  possessing  leaf-scales  ; they  resemble  a number  of 
conns,  and  while  growing  at  one  end,  slowly  die  away  at 
the  other.  Tubers  (sea  Fig.  14)  and  bulbs  (see  Figs.  15  & 16) 
are  also  stem  structures ; the  former  are  characterized  by 
the  preponderance  of  the  axial  mass  with  a very  small 
amount  of  leaves;  the  latter,  on  the  contrary,  by  the  pre- 
ponderance of  leaves  closely  united  round  a short  stem. 
The  bulb  is  termed  scaly  or  squamose  when  the  leaf-scales 
only  partially  overlap,  as  in  Lilium,  Oxalis,  &c.  (see  Fig.  15), 


Fig.  15. 


Fig.  14. 


Tuber  of  a Potato, 
shewing  the  rudimen- 
tary buds  (eyes). 


Scaly  bulb  of  Lily. 


Fig.  16. 


Tunicated  bulb  of  Onion 


or  tunicatecl,  when  the  scalesform 
complete  sheaths  to  the  bub,  as 
in  the  Onion  (Peyaj)  (see  Fij.  16). 

Stems  developed  above  giound 
are  woody,  as  in  the  mang)  and 
palm ; succulent,  as  in  Ojuntia 
(Ntigphina);  herbaceous,  as  jn  La- 
biates (Tulsi),  where  they  cmain 
green,  and  do  not  become  roody*. 
A woody  stem,  when  branched,  as 
in  the  mango,  is  sometimes  called 
a trunk ; when  unbranchec,  as  in 
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the  palm,  a caudex.  Banners  are  stems  producing  buds 
and  secondary  roots  like  a rhizome,  as  in  Pistia  (Takapdna) 
(see  Fig.  17);  the  independent  plant  thus  formed  is  called 
an  of -set  or  stolon. 

Fig.  17. 


Plants  of  Pistia-,  the  smaller  one  to  the  right  is  of  later  growth,  and  is 
connected  with  the  parent  plant  by  a ruuner. 

Stems  are  usually  round  (see  Fig.  18);  they  are,  how- 
ever, sometimes  square,  as  in  Labiatce ; in  Cereus  hexa- 

gonus  the  stems  are  six- 
sided  ; in  Cyperacece  (Mu- 
tha)  they  are  triangular 
(see  Fig.  18).  Most  stems 
are  solid,  but  in  the  major- 
ity of  Graminece,  Cucur- 
bitacece,  in  Umbelliferce 
(Gdjar),  and  Equisetacece,  &c.,  they  are  hollow.  Leaf- 
like shoots  ( cladodes ) are  found  in  those  phanerogams 
in  which  large  green  foliage  leaves  are  wanting,  and  re- 
place them  physiologically ; their  axial  structure  is  of  con- 
side!  aide  superficial  extent,  and  they  produce  and  expose 
to  the  light  large  quantities  of  chlorophyll ; they  generally 
only  bear  very  small  membranous  scale-leaves.  Opuntia 
(see  Fig.  20),  Coccoloba  (see  Fig.  21),  and  Xylophylla,  fur- 
nish good  examples  of  cladodes. 


Portions  of  triangular,  ribbed,  and 
square  steins. 
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Fig.  20. 


Creeping  triangular  stem  of  Care x. 


Flatten  erl 
stem  of 
Coccoloba 
platyclada. 


Flattened  stem  (cladode)  of  Opuntia. 
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Axes  which  have  the  power  of  climbing  are  termed 
twining  or  climbing  stems.  This  twining  is  a conse- 
quence of  unequal  growth.  Only  a few  plants  twine 
to  the  right  (. Dextrorse , i.  e.,  from  right  to  left  as 

Eig.  *23.  one  looks  at 

the  support 
round  which 
the  plant 
twines),  fol- 
lowing the 
course  of  the 
sun  or  of  the 
hands  of  a 
watch : among 
these  are  some 
JDi  o s c o r e ce 
(see  Fig.  22) ; 
the  greater 
number  twine 
to  the  left  (Si- 
nistrorse ),  as 
Convolvulu- 
cece  (see  Fig. 
23), &c.  Some 
plants  are  en- 
dowed with 
irritable  or- 
gans  {tendrils) 
which,  when 
they  touch 

any  object, 
Climbing  stem  of  Convolvulus,  twining  c];l(p  jt  • these 

organs  are 

sometimes  metamorphosed  leaves  [leaf -tendrils),  as  in  Glori- 
osci  and  various  leguminous  plants  (see  Fig.  24).  Examples 
of  stem-tendrils  are  to  bo  met  with  in  Vitacece,  Passifio- 
racece,  &c.  Stems  also  have  the  power  of  climbing  by  hooks, 
as  some  Pal  ms,  Brambles,  Bougainvillea,  Spectabilis,  Artabo- 
trysodoratissimus.  Othei  plants  climb  by  means  of  adven- 
titious roots,  as  some  orchids,  Hoy  a,  Ficus  Scandens,  &c. 
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The  following  abstract  clearly  shews  Darwin’s  classifica- 
tion of  climbing  stems: 

f 1.  Stems  that  twine  spirally  in  a 
dextrorse  or  sinistrorse  manner.  Ex- 
ample : Convolvulus  and  Dioscorece. 

2.  Stems  that  twine  by  means  of 
Climbing  Sterns.^  tendrils.  Example:  Pea,  Cucurbi  tacese. 

3.  Stems  climbing  by  means  of  hooks. 
Example  : Climbing  Palms. 

4.  Stems  climbing  by  means  of  adven- 
titious roots.  Example:  Climbing  Fig,  Ivy. 


Compound  leaf  of  a Tea,  in  which  the  7 terminal  leaflets  are  metamorphosed 

into  tendrils. 


FORMS  OF  STEMS. 
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Branching. 

“ The  different  members  of  a plant  spring  out  of  one 
another ; the  members  produced  may  be  similar  or  dissimi- 
lar to  the  member  which  produces  them.  In  the  former 
case  the  formation  of  new  members  is  ordinarily  termed 
Branching.” 

There  are  two  principal  forms  of  branching,  viz. : first, 
Dichotomous ; and  second,  Monopodial. 

Dichotomy  is  caused  by  the  cessation  of  the  previous 
increase  in  length  of  a member  at  the  apex,  and  by  two 
new  apices  arising  at  the  apical  surface  close  to  one  another, 
which  develop  in  diverging  directions.  Dichotomous 
branching  is  very  common  among  Thallophyta,  especially 
Algae  and  the  lower  Hepaticae;  it  rarely  occurs  among 
Phanerogams.  “ In  Monopodial  branching  the  new  mem- 
bers originate  by  lateral  budding;  the  generating  structure 
following  the  direction  of  its  previous  axis  of  growth  con- 
tinues to  grow  at  its  apex,  while  lateral  structures  are  given 
off  beneath  it.”  This  is  the  usual  mode  of  branching  in 
most  Phanerogams.  The  development  of  Dichotomous 
branching  may  take  place  either  in  a forked  or  in  a sympodial 
manner;  forked,  when  at  each  bifurcation  the  two  branches 
develop  with  equal  strength;  sympodially,  when  at  each 
bifurcation  the  one  branch  develops  more  strongly  than 
the  other. 

An  original  Monopodial  branch  system  may  develop  in  a 
racemose  or  in  a cymose  manner.  In  the  racemose  system 
the  primary  shoot  continues  to  develop  more  strongly  than 
all  the  lateral  shoots  ; in  the  cymose  development  the  lateral 
shoots  are  the  strongest.  Of  this  last  form  of  development, 
there  are  three  kinds  : (a)  the  dichasium,  when  two  or  more 
lateral  shoots  develop  more  strongly  than  the  primary 
shoot  which  soon  dies  (this  may  be  termed  false  dicho- 
tomy) ; (6)  the  true  cyme ; and  (c)  the  sympocle,  which 
occurs  when  one  lateral  shoot  develops  with  greater  vigour 
than  the  portion  of  the  primary  shoot  which  lies  above  its 
origin.  The  following  abstract  with  examples  will  make 
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the  matter  more  clear  (after  Sachs ) : — 


MODES  OF  BRANCHING. 


Dichotomous.  Monopodial. 


Forked : Ex.,  Sympodial : Racemose : Cymose. 

Liverworts.  Ex.,  Selaga-  Ex.,  Stems  of  | 

nelte.  Conifer® ; | | | 

Inflorescences  Dicliasium:  Cyme:  Ex.,  Sympode  : 

ofmanyPha-  Ex.,  Carissa  Caryophyl-  Ex.,  Bora- 
nerogams.  Carandas  lacese.  ginacese. 

(Karanclia). 


The  Bud. 

The  bud  is  a compound  structure,  composed  of  the  grow- 
ing end  of  the  shoot  surrounded  by  a number  of  rudimen- 
tary leaves.  The  leaves  being  formed  quickly,  one  after 
another,  envelope  and  overarch  the  end  of  the  growing 
shoot,  and  thus  form  a bud.  It  is  only  when  perfectly 
developed  that  the  leaves  turn  outwards  from  their  posi- 
tion in  the  bud.  The  growing  apex  represents  the  future 
stem  with  the  intervals  ( internodes ) between  the  points  of 
origin  of  the  leaves  as  yet  undeveloped.  If  these  intervals 
undergo  a considerable  and  often  very  great  extension,  the 
leaves,  when  escaping  from  their  position  in  the  bud,  become 
placed  at  a distance  from  one  another,  and  the  result  is,  a 
stem  with  extended  internodes.  As  respects  the  position 
of  the  bud,  it  is  terminal  when  it  is  situated  at  the  end 
of  a branch ; axillary  when  it  grows  in  the  axil  of  a leaf 
(i.  e.,  in  the  angle  which  its  upper  surface  makes  with  the 
stem),  or  adventitious  when  it  springs  from  any  other  part 
of  a stem  except  these  two.  The  latter  kind  occurs  but 
rarely  ; and  only  in  plants  in  a very  active  state  of  vitality, 
as  on  detached  leaves  of  Bryophyllum  and  some  Begonias, 
&c.  Gardeners  take  advantage  of  this  curious  phenomenon 
in  propagating  these  plants. 

Shoots  which  become  detached  from  the  mother-plant 
in  a but  slightly  developed  condition,  and  then  continue 
to  grow  by  independent  nourishment,  while  they  repeat 
the  peculiarities  of  the  primary  shoot,  are  called  Gemma} 
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or  Bulbils ; the  propagation  by  gemmae  is  very  common 

in  the  Liverworts;  bulbils 
frequently  occur  in  the 
Dioscorece  (see  Fig.  25), 
Liliacecv,  etc. 

The  relative  position  of 
the  bud-scales,  foliage  leaves, 
sepals,  and  petals  in  the  bud 
may  be  termed  their  cestiva- 
tion,  and  is  usually  imbri- 
cate when  the  margins  of  con- 
tiguous leaves  overlap  one 
another;  less  frequently  it  is 
valvate,  as  in  the  calyx  of 
Malvaceae,  when  tile}''  merely 
touch  one  another  by  their 
edges.  The  principal  forms 
of  imbricated  aestivation  are 
the  vex illary  peculiar  to  the 
Papilionaceae,  when  one  leaf  much  larger  than  the  rest 
Fig.  26.  encloses  the  others;  equitant,  when  each  leaf 
sharply  folded  embraces  its  successor,  as  in  the 
Gramineae  (Fig.  26);  obvolute,  or  half  equitant, 
when  each  succeeding  leaf  embraces  only  one- 
half  of  the  blade  of  its  successor;  and  quincun- 
cial,  as  in  the  calyx  of  the  rose,  when  two  leaves 
are  covered,  two  uncovered,  and  the  fifth  so  placed 
that  one  of  its  margins  overlaps  one  of  the 
covered  leaves  and  the  other  is  overlapped  by 
one  of  the  outer  leaves. 

By  vernation  is  meant  the  position  occu- 
pied by  the  separate  leaves  in  the  bud.  The 
principal  forms  are  the  conduplicate,  when  the 
leaf  is  folded  perpendicularly  at  the  mid-rib, 
as  in  the  Graminese  and  Sapotacese ; and  invo- 
EqUitant  when  both  margins  are  rolled  inwards, 

aestivation  towards  the  mid-rib,  as  in  Artocarpus  (Kdnt.il), 
of  a grass.  Nelumbium,  and  Quisqualis.  When  both  mar- 
gins are  rolled  outwards,  towards  the  mid-rib,  the  vernation 
is  termed  revolute,  as  in  Nerium  (Karabi)  (see  Fig.  27) 
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and  Polygonacece  (Marich) ; in  Palmece  (Supari,  Tal,  &c.), 
where  the  blade  is  folded,  as  in  a fan,  it  is  termed  plicate ; 
convolute,  when  the  leaf  is  rolled  up  from  side  to  side,  with 
only  one  edge  free,  as  in  the  plantain  (see  Fig.  28) ; circinatc, 
where  the  apex  of  the  leaf  is  rolled  down  towards  the 
base,  as  in  the  ferns.  The  terms  aestivation  ancl  vernation 
are  occasionally  used  in  a somewhat  different  sense  to  that 
given  above,  aestivation  (prefloration)  being  the  term  used 
for  the  arrangement  of  the  floral  members  in  the  flower- 
bud  before  the  expansion  of  the  flower ; and  vernation 
(prefoliation)  being  used  to  denote  the  arrangement  of  the 
foliage  leaves  in  the  leaf-bud  before  its  expansion,  includ- 
ing the  mode  of  folding  of  separate  leaves,  and  their  rela- 
tive position  to  one  another. 

Fig.  27.  Fig.  28. 


Eevolute  vernation 
of  Nerium. 


Convolute  vernation 
of  the  Plantain. 


Abstract  of  the  arrangement  of  leaves  in  the  bud  : — 


' JSstivation 


Arrangement 
of  leaves  in 
the  bud.  | 


t Vernation 


rVexillary:  Ex.,  Papilionace*. 

J Equirant:  Ex.,  Grasses, 

f Imbricate  j Obvolnte. 

tQuincuueial:  Ex.,  Calyx  of  the  Rose. 

I 

t Valvate  ...  Ex.,  Calyx  of  Hibiscus. 


Ex.,  Sapota. 

Ex.,  Nelumbium. 
Ex.,  Nerium. 


f Conduplicate : 
j Involute: 

I lievolute  : 

1 Plicate: 

| Convolute: 
tCircinnate : 


Ex.,  Many  Palms 
Ex.,  Plantain. 
Ex.,  Ferns. 
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Leaves. 


Fig.  29. 


Leaves  are  the  lateral  structures  issuing  from  the  stem 
and  its  branches  below  their  growing  points.  “ Foliage 
leaves  are  always  distinguished  by  their  green  colour  owing 
to  their  containing  abundance  of  chlorophyll.  It  is  these 
which  in  popular  language  are  exclusively  called  leaves. 
From  the  point  of  view  of  the  theory  of  descent  we  are 
justified  in  considering  all  other  forms  of  leaves  as  sub- 
sequent metamorphoses  of  foliage  leaves.  These  latter  are, 
therefore,  regarded  as  the  original  typical  leaves.”  The  term 
Phyllome  is  used  in  a comprehensive  sense  to  signify  any 
leaf,  or  modification  of  a leaf,  springing  from  the  axis ; it 
always  originates  from  the  growing  cellular  tissue ; never 

from  those  parts  of 
the  stem  which 
already  consist  of 
fully  differentiated 
tissues.  Leaves 
have  their  origin 
from  the  external 
tissue  of  the  stem, 
never  from  the  in- 
ternal tissues,  as  is 
the  case  in  roots 
and  branches.  Usu- 
ally, leaves  are 
formed  of  several 
layers  (see  Fig.  29), 
and  the  layers  may 
then  be  distin- 
guished in  to  epider- 


'innrnnaonnmnf 


TnnnngcOGODDQ 


Sections  through  the  cellular  tissue  of  a leaf, 
shewing  the  different  kinds  of  cells  and  inter- 
cellular spaces  in  the  lower  part  of  the  leaf 
(magnified). 


mal  tissue,  fundamental  tissue,  and  fibro- vascular  bundles; 
the  system  of  the  fibro-vascular  bundles  running  into 
the  leaf,  forms  the  so-called  vernation;  there  is  usually 
a mid-rib  which  runs  from  the  base  to  the  apex  of  the 
lamina,  and  divides  it  more  or  less  symmetrically  into  two 
similar  halves. 

According  to  the  functions  and  positions  of  leaves,  they 
may  be  classified  into  four  kinds : First,  Seed,  leaves,  or 
cotyledons,  formed  within  the  seed ; they  are  sometimes  thin 
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and  resemble  foliage  leaves, 
they  are  thick  and  fleshy, 


Fig.  30. 


Inflorescence  of  Aroidece  surrounded 


i in  Convolvulacese  ; sometimes 

i in  Leguminosse  and  Cucur- 
bitacese.  Second,  Cover- 
ing leaves : In  this  class  are 
included  bad-scales,  as  in 
Ficus  Indica,  &c.,  bracts,  the 
leaves  of  the  inflorescence, 
or  flower  region  of  the  stem, 
(these  are  mostly  smaller 
than  the  foliage  leaves),  the 
glumes  that  enclose  the 
flowers  of  Graminese,  the 
palece  interspersed  with  the 
flowers  in  many  Compo- 
sitse,  and  spathes  in  Aroidem 
(see  Fig.  30) ; sometimes 
the  bracts  are  coloured, 
as  in  Bougainvillea,  Poin- 
settia,  &c.  The  scales  on 
the  rhizomes  of  Zino-i- 

o 

beracese,  Marantacese,  &c., 
belong  to  this  class. 
Third,  Foliage  leaves ; 
and  fourth,  Floral  leaves, 
including  sepals,  petals, 
stamens,  and  carpels ; these 
will  be  more  fully  described 
under  the  section  flower. 

a spathe. 


Abstract  shewing  the  classification  of  leaves,  according 
to  their  functions  and  positions  : — 


Leaves 


' Cotyledons. 
Covering  leaves 

- 


Foliage  leave 
Floral  leaves 


' Bud  Scales : 

Bracts : 

Glumes: 

) Paleoe : 
j Spathes: 

^Scales: 

...  (See  abstract,  p.  31) 

{Sepaloid. 

Petaloid. 

Staminate. 

Carpel  I ary. 


Ex.,  Ficus. 

Ex.,  Acanthacese. 

Ex.,  Grasses. 

Ex.,  Many  Compositas. 
Ex.,  Aroidese. 

Ex.,  Bhizomes. 
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The  arrangement  of  tlie  leaves  on  the  axis  is  termed 

O 

Phyllotaxis.  An  axial  structure  may  produce  the  lateral 
members  which  are  equivalent  to  one  another,  so  that 
either  only  one  arises  at  the  same  level  or  several;  in  the 
first  case  the  members  formed  in  succession  are  termed 
solitary  (see  Fig.  31) ; in  the  second  case  all  the  similar 
lateral  members  arising  at  one  level  form  a wliorl  or 
verticil,  as  in  the  foliage  leaves  of  Nerimn  (see  Fig.  40), 
and  in  the  sepals  and  petals,  &c.,  of  many  flowers.  When 
alternating  whorls  have  only  two  members,  the  position 
of  the  members  is  said  to  decussate — a very  common  occur- 
rence with  foliage  leaves  (see  Fig.  32). 

Among  the  different 
arbitrary  constructions 
which  maybe  attempt- 
ed on  paper,  for  the 
purpose  of  conqiaring 
the  relative  positions 
of  the  members  of  an 
axis,  or  of  reducing 
them  to  short  geome- 
trical or  arithmetical 
expressions,  the  fol- 
io wing  is  of  peculiar 
interest,  and  has  been 
specially  employed  to 
denote  the  relative  positions  of  the  leaves  and  lateral  shoots 
of  the  stem.  For  example,  select  a shoot  of  Ficus  religiosa 
and  draw  a string  round  the  stem  so  as  to  pass  from  leaf  to 
leaf;  it  will  be  seen  that  the  sixth  leaf  is  placed  above  the  first, 
and*the  string  has  passed  twice  completely  round  the  stem. 
The  series  of  leaves  included  by  the  spiral  line  is  called  a cycle; 
and  the  fraction  of  the  circumference  of  the  stem  between 
any  two  succeeding  leaves,  the  angular  divergence.  In  this 
case,  the  angular  divergence  is  §•;  the  number  of  leaves  in 
the  circle  being  placed  as  the  denominator  of  the  fraction, 
and  the  number  of  circles  round  the  stem  included  in  the 
cycle  as  the  numerator. 

The  simple  forms  of  arrangement  are  the  most  common. 


Fig.  31 


Diagram  showing 
t.lie  arrangement  of 
decussate  leaves. 


LEAVES. 


21 


In  the  Graminece  the  plan 
Fig.  33. 


]S 

Fig.  34. 


Horizontal  projection 
of  a cycle  of  the  J ar- 
rangement. 


Horizontal  projection 
of  a cycle  of 
rangement. 


the  third  leaf  being  placed 
directly  above  the 
first ; in  Oyperacece, 
it  is  J ; in  Ficus 
religiosa,  §-;  in 
Linu  m usitatis- 
simum  (Tisi),  §; 
in  the  buds  of  pota- 
to-tuber, /y,  a n d 
so  on.  It  will  be 
observed  that  each 
fraction  has  its 
numerator  com- 
of  the  two  preceding- 
sum  of  the  two  pre- 
divergence frequently 


the  -g  ar 


posed  of  the  sum  of  the  numerators 
fractions,  and  its  denominator  of  the 
ceding-  denominators.  The  angle  of 
becomes  changed  from  the  more  rapid  growth  in  thickness  of 
the  axial  structure  on  one  side  than  on  the  other ; and  still 
more  commonly  by  torsion  around  its  own  axis  of  growth. 
A transverse  section  of  the  bud,  however,  enables  the  ob- 
server to  examine  the  true  divergence  of  the  leaves. 


The  place  whence  a leaf  springs  from  the  stem  is  called 
its  insertion.  Leaves  are  either  articulated  there,  as  in 
most  Dicotyledons,  separating  by  a distinct  line  of  fracture 
when  mature,  or  they  merely  wither  down,  and  leave  their 
bases  as  a ragged  covering  to  the  stem,  as  in  most  Monocoty- 
ledons. When  a leaf  of  a dicotyledonous  plant  falls,  it 
leaves  a more  or  less  distinct  scar  upon  the  stem  called  the 
cicatrix;  the  protuberance  under  the  cicatrix  is  called  the 
pv.lvinus. 

A perfect  leaf  is  divisible  into  two  portions, — the  upper 
portion,  the  blade  or  lamina,  which  is  flatly  expanded, 
and  the  basal  portion,  the  leaf-stalk  or  petiole,  which  gene- 
rally remains  narrow  or  cylindrical.  The  petiole  is  some- 
times absent ; the  leal  is  then  sessile,  as  in  the  poppy. 
When  the  petiole  is  expanded  and  forms  a sheath  to  the 
stem,  it  is  vaginate.  In  Cyperaceae,  the  vagina  forms  an 
entire  sheath ; in  Graminese,  the  vagina  is  split  down  at 
the  side  opposite  to  the  lamina  or  blade  ; sometimes  the 
petiole  is  winged,  as  in  Aurantiacece  ( Batabi-nebu). 

At  the  base  of  the  petiole  often  occur  leaf-like  appen- 


22 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


dages  termed  stipules ; these  may  be  considered  as  lateral 
branches  of  the  leaves  which  arise  at  their  points  of  inser- 
tion. Stipules  are  of  different  forms;  in  many  Rosace® 
the}1,  are  actuate  ( see  Fig.  35).  In  many  Leguminosce  (Krish- 
nachuva)  and  Malvacece  (Java),  they  are  free ; in  Polygo- 
nacecv  (Pani-marich),  they  form  a short  tubular  sheath 
round  the  stem,  called  an  ochre  a ( see  Fig.  36).  Leaves  having 
such  appendages  are  termed  stipulate;  where  they  are 
absent,  exstipulate.  The  term  ligale  is  applied  to  a mem- 
branous outgrowth  on  the  inner  side  of  the  leaf  in  Gra- 
mme® at  the  junction  of  the  blade  with  the  sheaths  ; the 
hood-like  appendages  of  the  stamens  of  Asclepiadace®  are 
structures  of  this  nature,  and  may  be  included  under  the 
general  term  of  ligulate  structures.  When  the  leaf  is  united 
for  a certain  length  with  the  stem,  it  is  said  to  be  decur- 
rent, and  the  stem  to  be  winged. 

Fig.  36. 


Portion  of  the  stem  of  a Rose  shewing 
a leaf  with  uduate  stipules. 


Ocln  eaceous  stipules  of  Polyyonum 
» jpilosum. 
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Forms  of  Foliage  Leaves. 

The  outline  of  leaves  is  either  simple  or  compound;  if 
the  blade  stands  alone  upon  an  undivided  petiole,  or  is 
sessile  on  the  stem,  it  is  termed  simple.  Leaves  are  termed 
compound  in  which  the  individual  pieces  of  the  lamina 
are  completely  separated  at  their  base.  “ If  the  individual 
portions  of  a branched  leaf  are  sharply  separated,  each 
portion  forms  independently,  so  to  speak,  a leaf,  and  is 
hence  distinguished  as  a leaflet.” 

The  following  diagrams  (see  Fig.  87)  shew  the  principal 
outlines  of  simple  leaves : — 

Fig.  37. 


Diagrams  shewing  the  outlines  of  different  simple  leaves  (after  Oliver ): 


1.  Acicular. 

2.  Linear. 

3.  Oblong. 

4.  Elliptical. 

5.  Kotundate. 

6.  Orbicular. 


7.  Lanceolate. 

8.  Subulate. 

9.  Cordate. 

10.  Reniform. 

11.  Ovate. 

12.  Obcordate. 


13.  Obovate. 

14.  Oblanceolate. 

15.  Spathulate. 
1C.  Hastate. 

17.  Sagittate. 


Most  of  the  Graminese  have  linear  leaves.  Vinca  rosea 
(Galphiringhl)  has  elliptical  leaves ; the  leaves  of  Zizy- 
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pirns  (Byar)  are  rotundate,  somewhat  oblique  at  the  base 
(Fig.  38).  The  leaves  of  Nelumbium  (Padma)  are  orbicular ; 


Fiir.  38. 


Fie 


39. 


Botundnte  leaf  of  Zizyphus. 


Orbicular  leaf  of  Mailed  rotundifoUa. 


Fi-j.  04. 


Lanceolate  whorled  leaves  of  Nerium. 


Nerium  has  lanceo- 
late leaves  (Fig.  40) ; 
the  common  garden 
Dianthus,  obi  a nee  o- 
kite  leaves ; most  of 
the  Convolvulaceae 
(Kalmilata)  have  cor- 
date leaves  ; the  leaf- 
lets of  Oxalis  corni- 
culala  (Amrul)  are 
obcordate ; the  leaves 
of  Ilydrocotyle  Asia- 
tica  (Thalkuri)  are 
reniform;  ovate  leaves 
occur  i n Ficus  Indicci ; 
obovate  in  Tectona 
granclis  (Segun).  Sa- 
gittate leaves  are 
found  in  Sagittaria 
sagittifolia  ( K a t) . 

'J’he  leaves  of  many 
Begonias  are  oblique. 


LEAVES. 


25 


Fiff.  41. 


A leaf  is  peltate  when  the  lamina  is  fixed  not  by  a portion 

of  its  mar- 
gin, but  by 
a point  ly- 
ing- on  its 
under  sur- 
face, as  in 
T r o p se  o- 
1 u m,  N e- 
1 u m b i u m, 
&c. 


1 enninerved  leaf  of  Canna  Indica.  Sagittate  leaf  of  Sagittaria  sagittifolia. 


Fi 


tr 

o’ 


43. 


Oblique  leaf  of  Begonia. 
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Fig.  44. 


Diagrams  shewing  entire  and 
dentate  margins  of  leaves. 


Fig.  45. 


In  describing  the  base  of  the  leaf,  some  special  terms 
are  applicable,  as  for  example,  cordate,  reniform,  hastate, 
&c.  The  apex  of  the  leaf  requires  special  description : it  is 
acuminate  in  Ficus  religiosa  (Ashwath);  acute,  in  Hibis- 
cus Fosa- sinensis  (Javd) ; obtuse,  when  the  leaf  is  rounded 

off  at  the  apex  ; mucronate, 
as  in  Jacquinaruscifolia,when 
it  is  tipped  with  a spine ; 
truncate,  as  in  Ficus  retusa ; 
emarginate,  when  there  is  a 
notch  at  the  end  of  the  mid- 
rib. 

The  margin  of  a leaf  is 
entire,  when  it  has  an  un- 
broken edge,  as  in  the  ba- 
nyan ; dentate,  when  the  mar- 
gin of  the  leaf  is  notched, 
as  in  Hibiscus  Rosa-sinensis 
(Fig.  44-);  serrate,  when  the 
teeth  are  sharp  and  pointed 
towards  the  apex,  like  the 
teeth  of  a saw  ; crenate,  when 
the  teeth  are  rounded  off,  as  in 
ITydrocotyle  Asiatica.  When 
the  margin  of  the  leaf  exhi- 
bits shallow  wavy  curves,  it 
is  called  repand,  as  in  Ficus 
religiosa.  Sometimes,  through 
excessive  growth  of  the  mar- 
ginal tissue,  the  edges  of  the 
leaf  are  undulated,  or  waved, 
as  in  Guatteria  longifolia 
(Debdari).  In  Croton  spira- 
lis, the  blade  of  the  leaf  is 
twisted  like  a screw  through 
the  excessive  development 
of  the  marginal  tissue.  If 
the  blade  is  deeply  cut,  extending  nearly  to  the  mid- 
rib, the  leaf  is  termed  pinnatisect  or  pinnatipartite ; 
pahnatisect  or  palmatipartite,  if  the  divisions  extend 
nearly  to  the  base  of  the  leaf  (see  Fig.  47).  I he  terms 


Diagrams  shewing  crenate  and 
bi-serrale  margins  of  leaves. 

Fig.  46. 


Reniform  leaf  of  Eydrocolyle 
Asiatica,  with  crenate  margin. 
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Palmatisect  leaf  of  Cannabis  saliva. 


pinnatifid  and  palmatiftd  are  used  when  the  divisions 

Firr  48  extend  half- 

way or  more 
from  the  mar- 
gin to  themid- 
r i b or  base 
of  the  leaf, 
but  not  right 
up  to  the  mid- 
ri  b or  base 
(see  J^ig.  48). 
A large  num- 
ber of  simple 
leaves  a n d 
leaflets  are 
divided  deep- 
ly be  t w e e n 
the  principal 
ribs.  Such 

Palmatifkl  leaf  of  an  Eupliorbiaceous  plant,  leaves  are 

termed  lobed,  as  in  Buukmia  (Kan chan),  which  has  a bi- 
lobed  leaf. 
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Compound  leaves  are  those  in  which  tl 


Fig.  49. 


ie  individual  lateral 
pieces  of  the 
lamina  are 
completely  se- 
parated at  their 
base.  T here 
arc  two  princi- 
pal forms, — the 
digitate  a n d 
the  pinnate 
(see  Fig.  49). 
In  the  former, 
several  leaflets 
springfrom  the 
apex  of  the 
petiole,  as  in 
Boimbax  Mala- 
baricum  (She- 
m u 1 ).  T h e 
terms  ternate, 
quinate,  septe- 
nate  are  often 
applied  to  digi- 
tate leaves  hav- 
ing *3,  5,  or  7 
leaflets.  When 
the  lateral  divi- 
sions of  a 
ternate  leaf 
have  two  or 
more  lobes  it 
is  t e r m e d a 
pedate  leaf,  as 
in  Syngodium 
wendlandi. 


Pinnate  leaf  (frond)  of  a Fern. 


Bi-pinnate  leaf  of  Persian  Lilac. 

Fig.  51.  Pinnate  leaves  are  those 

having  au  axis  bearing  ses-  Pari -pinnate  leaf  of 
sile,  or  stalked  lateral  leaf-  Tamarind, 
lets  arranged  on  the  feather  plan.  Some- 
times there  is  a terminal  leaflet,  as  in  Mur- 
raya  exotica  (Kamini) : the  leaf  is  then  un- 
equally pinnate,  or  impari-pinnate  (see  Fig. 
51).  When  there  is  no  terminal  leaflet,  as  is 
the  case  in  the  tamarind,  the  leaf  is  equally 
pinnate  or  pari-pinnate  (see  Fig.  52).  Pairs 
of  leaflets  are  termed  jug  a ; if  there  is  only 
one  pair,  the  leaves  are  termed  unijugate ; if 
more  pairs  than  one,  i,  btri , or  multijugate. 
If  the  leaflets  are  not  in  pairs,  hut  alternate 
with  one  another,  the  leaf  is  termed  alterni- 
p innate.  If  large  and  small  leaflets  alternate 
, . . , , . e with  one  another,  the  leaf  is  interruptedly 

Mwraya  exotica,  pinnate,  lii-p innate  leaves  are  those  m 
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Fief.  53, 


Tri-pinnntc  leaf,  as  in  Moringa  pterygoapevma. 

Fig.  64, 


which  the  axis  has  secondary 
branches,  with  distinct  leaflets 
pinnately  arranged,  as  in  Poin- 
ciana  pidclierrima  (Krishna- 
churfl).  Tri-pinnate  leaves  are 
those  having  an  additional  series 
of  partial  petioles  with  distinct 
leaflets,  as  in  Moringa  pterygos- 
perma  (Shajind)  (see  Fig.  53). 

A leaf  cut  into  numerous  com- 
pound divisions,  as  in  Panax, 
is  termed  decompound  (see  Fig. 
54).  Some  plants  have  leaves 
of  different  forms  ( heterophyl- 
lous),  as  Sagittaria,  Trapa,  and 

many 
other 
water- 
p 1 a n t s, 
some  of 
the  leaves 
are  sub- 
m e rge  d, 
while 
others  rise 
above  the 
surf  ace 
w a t e r. 
The  float- 
ing leaves 

O 

of  Trapa 
bispin  osa 
(Pdni- 
phal)  are 
wedge- 
s h a p e d, 
while  the 
submerged 
leaves  are 
segment- 
ed. 
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The  texture  of  leaves  varies : in  Crassulace®  and  Portu- 
Fig.  55.  lacacife  the  leaves  are  succulent; 

in  many  asclepiadaceous  plants, 
they  are  fleshy  ; they  are  coria- 
ceous or  leathery  in  most  woody 
plants,  and  membranous  in  many 
herbs. 

Modifications  of  the  leaf  occur 
in  Trapa  (Pani-phal),  where  the 
petioles  are  inflated  and  form 
floats.  In  Utricularia  (Jhanji), 
there  are  bladder-like  organs, 
closed  at  first  by  a lid  developed 
from  some  of  the  segments  of  the 
leaves,  and  apparently  serve  as 
floats,  and  as  traps  for  insects. 
Similar  structures  occur  in  the 
floats  of  Jussiena  repens  and 
Desmantkus  natans.  The  meta- 
morphosed leaves  of  the  Nepen- 
thes, or  Pitcher  plant,  are  formed 
by  peculiar  modifications  of  the 
petiole  and  blade. 

Tendrils,  already  referred  to  under  the  section  climbing 

stems,  are  thread-like  processes,  by 
which  weak-stemmed  plants  attach 
themselves  to  foreign  bodies.  Ten- 
drils formed  from  metamorphosed 
leaves  occur  in  Gloriosa  superba, 
where  the  mid-rib  runs  on  into  a 
terminal  tendril  (see  Fig.  5(j).  In 
Smilax, the  stipules  are  represented 
by  a pair  of  tendrils.  In  Lathyrus 
aphaca  (Jangli-matar),  the  tendrils 
are  metamorphosed  leaves,  the  leaf- 
lets being  entirely  abortive,  and  re- 
placed by  the  foliaceous  stipules. 
In  Lathyrus  sativus  (Khesari), 
two  pairs  of  leaflets  remain,  the 
other  leaflets  being  transformed 
into  tendrils. 


A curvinerved  leaf  of  Gloriosa 
superba  ending  in  a tendril. 
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Hairs. 

The  surfaces  of  leaves,  &c.,  exhibit  a variety  of  condi- 


Fi*  57 


tions,  dependant 
on  the  character 
of  the  epidermal 
layer  of  tissue. 
“ Hairs  are  pro- 
ducts of  the  epi- 
dermis, and  are 
present  in  most 
plants  in  large 
numbers ; when 
they  are  wanting 
in  any  part  of  a 
plant  it  is  termed 
glabrous  ; their 
form  is  subject 
to  extraordinary 
variation ; these 
outgrowths  occur 

„ , , . , , c t , t as  simple  protu- 

Glandular  hairs  from  under-surface  of  a leaf  1 1 

(magnified).  berances,  rows  of 

cells,  plates  of  cells,  or  masses  of  tissue,  or  have  the  physio- 
Fitt.  58.  logical  character  of  woolly  envelopes 

of  the  young  leaves,  root-like  absorb- 
ing organs  (mosses),  glands,  prickles, 
or  spore-capsules  (Ferns).”  The 
surface  of  the  leaf  is  pubescent, 
| when  covered  closely  with  short  soft 
1 1 airs,  as  in  Galatropis  gigantea 
(Akanda) ; villous,  when  the  hairs 
are  long  and  weak ; hispid,  when 
the  surface  is  covered  with  scattered 
stiff  hairs.  The  terms  woolly,  felted, 

^urfa'e'cfa  \ZT olVZnum  and  silhJ  al'e  aPPlied  according  to  the 
Meinngena.  coarseness  of  the  hairs  and  the  thick- 

ness of  the  coat  they  form.  Peltate  hairs  occur  upon  the 
under-surface  of  the  leaves  of  Elseagnus ; glandular  hairs 
(see  Fig.  57),  on  the  leaves  of  Labiatse,  &c. ; stellate  hairs  (see 
Fig.  58),  on  the  under-surface  of  the  leaves  of  Solanum,  &c. 

3 


34 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


Prickles  on  the  stem  of  a Bose. 


Sometimes  the  base  of  the  hair  contains  an  acrid  fluid  ; it 
*ip.  59-  is  then  called  a sting,  as  in  Urtica 

interrupta  (Lalbichati).  Prickles 
(Fig.  59)  are  hardened  epidermal 
appendages,  as  in  Solanum  me- 
longena  (Begun),  Rosa,  &c. ; they 
are  like  hairs,  outgrowths  from 
the  epidermal  tissue,  whereas 
spines  have  a deeper  origin. 

The  Flower. 

The  flower  is  the  assemblage  of 
organs  connected  with  the  produc- 
tion of  the  seed.  As  far  as  external 
appearance  goes,  the  flower  of  An- 
grospenns  (Dicotyledons  and  Mono- 
cotyledons) is  an  altogether  peculiar 
structure,  sharply  differentiated  as 
a whole  from  the  rest  of  the  organism.  This  peculiar  appear- 
ance is  due  especially  to  the  foliar  structures  of  the  flower 
being  arranged,  with  rare  exceptions,  in  the  form  of  whorls. 
The  floral  envelope  or  perianth  is  only  rarely  wanting  ; it  is 
usually  composed  of  two  alternating  whorls  consisting  of  the 
same  number  of  leaves,  2,  3,  4,  5,  or  rarely  more.  In  most 
dicotyledons,  and  many  monocotyledons,  the  form  and  struc- 
ture of  these  two  whorls  is  very  different;  the  outer  whorl 
or  calyx  consisting  of  stouter,  green,  usually  small  leaves 
(sepals),  while  the  inner  whorl  or  corolla  is  more  delicate,  and 
is  formed  of  white  or  bright  coloured,  usually  larger  leaves 
(; petals ).  Occasionally  the  perianth  is  entirely  wanting, 

as  in  the  Piperacese  and  many  Aroideae.  Sometimes  the 
perianth  consists  of  only  one  whorl  composed  of  small 
green  leaves,  as  in  the  Chenopodiaceae  and  Urticaceae, 
or  of  larger  bright  coloured  leaves,  as  in  Nyctaginaceae 
and  many  Euphorbiaceae.  For  these  conditions  the  terms 
diclamydeous,  having  calyx  and  corolla,  monoclamydeous, 
having  only  a single  floral  envelope,  and  aclamydeous, 
destitute  of  a perianth,  are  used  by  most  systematic 
botanists.  Besides  the  perianth  abovementioned,  there 
are  often  additional  envelopes  to  the  separate'  flowers.  In 
the  Malvaceae  and  some  other  plants  the  true  calyx  is 
surrounded  by  a second  calyx  (epicalyx).  In  the  majority 


HAIRS. 


of  flowers,  the  members  of  each  successive  whorl  alternate 
with  those  of  the  preceding  whorl;  in  the  Vitaceie, 
Rhamnacese,  Urticaceae,  and  Loranthaceae,  etc.,  the  stamens 
are  placed  opposite  or  superposed  to  the  petals. 

The  essential  parts  of  the  flower  are  the  stamens  (androe- 
cium),  and  the  carpels  ( gyncecium ).  Flowers  having 
both  essential  organs  are  termed  hermaphrodite,  as  Hibis- 
cus,Calotropis,  &c.  Sometimes  the  stamens  alone  are  present ; 
the  flower  is  then  staminate,  or  male ; if,  on  the  other 
hand,  the  carpels  alone  are  present,  but  the  stamens  absent, 
the  flower  is  pistillate,  or  female.  Those  flowers  in  which 
either  stamens  or  carpels  are  wanting,  are  termed  diclinous, 
or  unisexual,  as  in  the  Cucurbitacese ; if  the  same  plant 
bears  distinct  male  and  female  flowers,  the  flowers  and 
plants  are  monoecious,  as  many  Cucurbitacege.  Occasionally 

pistillate  audsta- 
minate  flowers 
occur  on  distinct 
plants,  as  Trewia 
n u d i fi  o r a 
( Pitali),  Carica 
papaya  (Pepiya) 
(see  Figs.  60  and 
61),  Borassus 
flabelliformis 
( T a 1 ),  and 

Phoenix  sylves- 
tris  (Khajur) ; 
such  flowers  and 
pi  an  ts  are  termed 
dioecious ; some 
imperfectflowers 
possess  neither 
carpels  nor  sta- 
mens, as  the 
outer  flowers  of 
the  capitula  of 
Centaurea,  &c., 
they  are  then 
termed  sterile,  or 
neuter,  in  some 
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Fig.  61. 


plants,  as  in  the  Anacardia- 
cese,  male,  female,  and  her- 
maphrodite flowers  are  found 
on  the  same  individual ; 
such  plants  are  termed  'poly- 
gamous. InGymnospermia 
the  floral  axis  is  usually 
elongated  to  such  an  extent 
that  the  sexual  organs  are 
arranged  one  above  another 
in  alternate  whorls  or  in 
spirals : in  Angrospermia, 
on  the  contrary,  the  floral 
axis  which  bears  the  floral 
envelopes  and  sexual  organs 
is  so  abbreviated  that  space 
can  only  be  found  for  the 
a corresponding  expansion, 
or  increase  in  size  of  that  part  of  the 
floral  axis  which  bears  them ; this 
part  of  the  floral  axis  is  termed  the 
Thalamus  Torus,  or  receptacle.  Beneath 
the  receptacle  the  axis  is  mostly  elon- 
gated and  more  slender,  and  is  termed 
tho  peduncle;  if  the  peduncle  is  absent  or 
very  short,  the  flower  is  sessile.  Occa- 
sionally portions  of  the  axis  are  greatly 
elongated  within  the  flower  (see  Fig. 
62),  as  occurs  in  many  plants  of  the 
Capparidaceee.  When  a circle  of  organs 
of  the  flower  is  thus  removed  from  its 
predecessor  by  a stalk-like  internode,  it 
is  termed  siipitate : the  term  andro- 
phore  is  used  for  that  portion  of  the  axis 
supporting  the  stamens  ; gynophore,  or 
carpophore,  for  that  bearing  the  car- 
pels; that  poi'tion  of  the  axis  support- 
ing both  stamens  and  carpels  is  termed 
gynandrophore. 

All  the  different  parts  of  the  flower  frequently  stand 
free  on  the  receptacle,  as  in  the  Papaveracece  (Shelkata) ; 


Female  flower  of  Carica  Papaya. 

various  foliar  structures  by 

or  inc 

Fig.  62. 


Diagrammatic  illustra- 
tion of  a flower,  shewing 
the  carpels,  stamens,  pe' 
tals,  and  sepals  separat- 
ed by  distinct  internodes. 
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the  flower  is  then  thalami floral.  When  the  sepals,  petals, 
and  stamens  adhere  to  one  another,  the  flowers  are  calyci- 
floral,  as  in  the  M yrtacem  ( Peyara) ; when,  as  in  the 
Labiatce,  Solanacece  (Begun),  &c.,  the  stamens  adhere  to  the 
corolla  alone,  the  flowers  are  termed  corollifloral. 

When  union  takes  place  between  members  of  the  same  whorl, 
the  term  cohesion  is  applied  as  in  the  stamens  of  Malvaceae 
and  the  petals  of  Solanacese.  The  term  adhesion  is  used 
when  members  of  different  whorls  unite  one  with  the  other, 
as  the  stamens  and  corolla  of  Labiatae  and  Solanacece,  &c. 

A flower  consisting  of  the  four  whorls  is  termed  complete, 
or  encyclic.  When  the  members  in  each  whorl  are  similar, 
the  flower  is  regular:  the  flowers  of  Labiatae  are  irre- 
gular ; those  of  Papaveraceae,  regular.  When  the  number 
of  members  in  one  whorl  is  equal  in  number,  and  alternate 
with  those  in  the  other  whorls,  the  flower  is  isomerous  or 
symmetrical,  as  in  the  Irideae,  some  Linaceae,  Onagraceae, 
and  Crassulaceae.  When  the  perianth  and  andrcecium  are 
both  present,  the  number  of  their  parts  is  usually  the 
same,  or  the  flower  is  isostemonous,  but  the  stamens  are 
often  more,  rarely  fewer  in  number  than  the  parts  of  the 
perianth,  and  the  flower  is  then  anisostemonous. 

The  Inflorescence. 

A solitary  flower,  pr  a connective  system  of  flowers 
arising  from  one  point,  is  called  an  in florescence,  and  may 
be  either  terminal  or  axillary.  The  term  peduncle  is  that 
usually  given  to  the  stalk  supporting  a single  flower  or 
numerous  flowers,  which  are  either  sessile,  as  in  the  catkin, 
or  are  placed  on  small  stalks  termed  'pedicels,  as  in  the 
raceme.  When  the  peduncle  bears  a number  of  spikes  or 
racemes,  as  in  the  panicle,  it  is  often  termed  a rachis  or 
axis  of  the  inflorescence.  The  term  scape  is  applied  to  a 
stem  devoid  of  foliage  leaves,  arising  under  ground  and 
bearing  the  inflorescence,  as  in  Nelumbium. 

The  most  convenient  basis  for  tbe  classification  of  the 
forms  of  inflorescence  is  the  mode  of  branching  (see 
branching,  page  15).  This  is  less  variable  than  the  other 
features,  and  can  be  referred  to  a few  types.  The  different 
forms  may  thus  be  divided  into  two  classes: — 1st,  the  inde- 
finite, centripetal  or  racemose,  x'esults  from  the  primary 
axis  or  rachis  of  the  branching  system  producing  a larger 
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or  smaller  number  of  lateral  shoots  ; and  2 nelly,  the  definite, 
centrifugal,  or  cymose,  which  results  from  the  primary  axis 
branching  beneath  the  first  flower  in  such  a manner  that 
each  lateral  axis  terminates  in  a flower ; the  development 
of  each  lateral  shoot  is  stronger  than  that  of  the  primary 
axis  beyond  the  point  of  origin  : 

(a)  Of  the  forms  of  indefinite  inflorescence  the  following 
are  the  most  important : — the  spike,  the  raceme,  the  corymb, 
the  panicle,  the  umbel,  and  the  capitulum.  Fig.  G4. 


1st— The 


bearing 


Fig.  G3. 


o 

0 


c 


spike  is  an  axis 
sessile  flowers,  as  in  Aca- 
thacere  and  Musacem.  A 
spadix  is  a spike  with  a 
thick  fleshy  axis  surround- 
ed by  a spathe,  as  in  Aroi- 
c y ^ dese.  In  the  Palmese,  the 

\|A  rP  axis  (spadix)  is  branched. 

A catkin,  or  Ament,  is  a 
pendent  spike-like  inflores- 
cence, caducous,  as  in  Trc- 
wia  nudiflora.  The  flowers 
in  catkins  are  usually  uni- 
sexual. A cone  is  the 
spike-like  inflorescence  of  many  Gynos- 
permia  (in  this  case  the  carpellary  leaves 
are  persistent  and  do  not  form  an  ovary). 
2nd. — The  raceme  is  an  inflorescence 


D 


Diagram  of  a 
raceme  and  spike. 


Fig.  65. 


Diagram  of  a corymb. 


in  which  there  is  a 
primary  axis  bearing 
stalked  flowers,  as  in 
Cruciferse,  Capparida- 
cete,  &c. 

3rd.  — The  corymb 
is  a raceme  in  which  the 
lower  stalks  are  elon- 
gated, so  as  to  bring  all 
the  flowers  to  about  the 
same  level,  as  in  some 
plants  of  the 


Compound  spadix 
and  spathe  of  a 
Palm. 

Fig.  GG. 

V 


Dift  grammatic 


genera  sketch  of  a racemose 

Euphorbia,  Jatropha,  &c.  (see  Fig.  6o).  1 

' ’ 'of  racemes,  umbels  or 


4th.— The  panicle  is  a senes  of  racemes, 
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spikes,  &c.,  on  a branched  rachis,  as  in  the  mango,  Clero- 
dendron  viscosum  (Bhant),  Saraca  Indica,  &c.  It  is  the 
common  form  of  inflorescence  met  with  in  many  Gramineae. 

5 tli. — The  umbel  is  formed  of  a number  of  single  flowers 
borne  on  stalks  of  nearly  equal  length, arising  from  one  point. 
The  umbel  may  become  compound  by  the  peduncles  branch- 
ing, as  in  the  Umbelliferae  ; this  inflorescence  is  surrounded 
b}7  a peculiarly  developed  whorl  of  leaves  (involucre). 

6th. — The  capitulum  is  a rachis  expanded  into  a thick- 
ened mass  surrounded  by  an  involucre  of  bracts,  as  in  the 
Composite ; the  individual  flowers  are  sometimes  called 
florets : the  outer  ones,  florets  of  the  ray  ; the  inner  ones, 
florets  of  the  disk.  Modifications  of  the  capitulum,  in 
which  the  involucre  is  wanting,  and  the  peduncle  fleshy 
and  excavated,  occurs  in  Ficus,  &c.  In  Dorstenia  the  flowers 
are  imbedded  in  the  flat  fleshy  receptacle  ; while  in  Arto- 
carpus  ‘ Jack,’  the  receptacle  is  convex. 

(ft)  The  forms  of  definite  cymose  or  centrifugal  inflores- 
cence agree  in  producing  a primary  terminal  flower  on  each 
shoot ; the  succeeding  flowers  spring  from  the  lateral 
branches.  The  term  scorpioid  was  introduced  by  A.  P. 
De  Candolle  to  express  a unilateral  cyme,  the  undeveloped 
portion  of  which  is  usually  rolled  up;  it  is  the  charac- 
teristic inflorescence  of  the  BoraginaceEe  (see  Fig.  67). 


A branch  of  Utliotmpium  indicum  shewing  the  scorpioid  inflorescence. 
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THE  CALYX. 


The  Calyx. 
Fig.  68. 


A rose,  in  which  the  sepals  have  been  replaced  by  foliage  leaves  from  a 
rose-tree  grown  in  the  Ilughli  Botanical  Garden. 

The  calyx  is  the  external  covering  of  a diclamydeous 
flower ; it  is  generally  green,  and  consists  of  a whorl  of 
leaves  or  sepals.  It  is  occasionally  double,  as  in  the  Mal- 
vaceae ; the  outer  circle  being  then  termed  an  epi  calyx.  This 
epicalyx  may  be  regarded  as  an  iuvolucre  of  bracts. 
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In  Holmskjoldia  Sangui- 
nea,  Larkspur,  Tropseolum, 
and  Begonia,  the  calyx  is 
brightly  coloured,  as  is  also 
frequently  the  case  in  Mo- 
nocotyledons. 

A calyx  consisting  of 
coherent  leaves  is  gamose- 
palous or  synsepalous ; if 
the  leaves  are  not  coherent 
but  free, this  is  expres 
the  term  aposepalous.  Se- 
pals have  generally  a broader  base  than  petals,  are  sessile, 
usually  have  a very  simple  outline,  and  are  pointed  at  the 
apex.  In  a gamosepalous  calyx  the  part  where  the  sepals 
are  coherent,  is  the  tube ; the  upper  portion  of  the  tube  is 
termed  the  throat , and  the  free  spreading  portions  lobes 
or  teeth.  When  the  sepals  are  completely  coherent,  so  that 
the  compound  nature  of  the  calyx  is  not  indicated  by  the 
teeth  or  lobes  at  the  edge,  it  is  termed  entire. 

The  gamosepalous  calyx  may 
be  regular  or  irregular.  The  re- 
gular forms  may  be  termed  tubu- 
lar, cup-shapecl,  infundibuli- 
form,  or  funnel-shaped,  and  in- 
flated. The  principal  irregular 
form  is  bi-labiate;  thisis  particu- 
larly characteristic  of  the  order 
Labiatse.  The  baseof  thecalyxis 
sometimes  spurred;  as  in  Tropse- 
olum (see  Fig.  70) : saccate  in 
Salvia  coccinia ; gibbous,  where 
a shallow-pouch  is  formed  at  the 
base  of  the  calyx,  as  frequently 
occurs  in  the  Cruciferse.  The  terms  inferior  and  superior 
are  applied  to  the  calyx  according  as  it  is  free  or  adherent 
to  tilt!  pistil. 

The  duration  of  the  calyx  varies.  In  the  Papave- 
racese  it  is  caducous,  falling  off  when  the  flower  opens. 
It  is  deciduous,  if  it  falls  off  with  the  coi’olla,  as  generally 
happens  in  most  flowers,  soon  after  the  fertilization  of  the 


Fig.  70. 


Spurred  calyx  of  Tropceolum. 


Fig.  69. 


Alimasnda  mncropln/llo,  shewing  one 
of  the  sepals  enlarged  and  leaf-like. 
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ovules.  It  is  persistent  in  Dillenia  (Chdlita),  in  the  Labiate, 
some  Solanaceje,&c.  In  the  place  of  the  calyx  of  Composite,  a 
crown  of  hairs,  the  'pappus,  surrounds  the  corolla.  In  Datura, 
the  lower  portion  of  the  calyx  is  persistent,  while  the 
upper  part  separates  by  a circular  slit.  Occasionally,  as  in 
Physalis  (Tepari),  and  in  some  Ver- 
benacete,  &c.,  the  calyx  grows  during 
the  ripening  of  the  fruit,  completely 
enveloping  it ; it  is  then  termed  accre- 
scent (Fig.  71).  The  term  marcescent 
is  sometimes  applied  to  the  calyx  when 
it  withers,  but  does  not  fall  away  from 
the  thallamus  during  the  ripening  of 
the  fruit,  as  in  the  Nyctaginacem.  In 
Trapa,  the  horns  of  the  fruit  are  formed 
by  the  bonification  of  the  calyx  teeth. 
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Accrescent  calyx  of  Physalis. 
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The  Corolla. 

The  corolla  is  composed  of  all  the  leaf-like  members,  situ- 
ated between  the  calyx  and  the  stamens  or  carpels.  These 
are  individually  called  -petals , and  may  exist  in  one  or  more 

Fig.  73. 


Fig.  72. 


Papilionaceous  corolla. 


Fig.  74 


Ligulate  corolla,  as  m 
some  Composite!. 


Petunia  grown  in  the  Horticultural  society’s  Garden,  Calcutta,  in  which  the 
ordinary  sepals  and  petals  are  replaced  by  foliage  leaves. 
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circles,  as  in  Datura  and  Lotus.  Petals  have  mostly  a 
narrow  base  ; their  upper  portion  is  often  very  broad,  and  a 
distinction  is  not  unfrequently  apparent  of  claw  (unguis) 
and  blade  (lamina),  and  the  lamina  is  often  divided  or 
otherwise  segmented.  At  the  point  where  the  lamina 
bends  back  from  the  unguis,  ligular  structures  are  often 
formed  on  the  inner  or  upper  side,  which  are  then,  when 
treating  the  flower  as  a whole,  comprised  under  the  term 
corona,  as  in  the  Passifloracese,  Nerium,  &c. 

A corolla  consisting  of  coherent  leaves  (petals)  is  gam o- 
petalous  or  sympetalous;  if  the  leaves  are  free,  this  is  ex- 
pressed by  the  term  apopetalous. 

Apopetalous  corollas  are  regular  when  the  petals  are 
equal  in  size  and  symmetrically  arranged,  as  in  the  Papa- 
veraceae  and  Rosaceae.  Irregular  apopetalous  corollas 
occur  in  the  Umbelliferae  and  in  the  Papilionaceae  (a  sub- 
order of  the  Liguminosae),  where  the  corolla  is  termed 
jmpilonaceous ; it  is  composed  of  five  petals  (see  Fig.  72), 
of  which  the  posterior  (the  vex  ilium)  is  the  largest,  and  is 
usually  symmetrical  in  form  ; the  two  lateral  are  smaller, 
and  are  mostly  oblique,  forming  the  alee,  or  wings ; the  two 
anterior  are  also  usually  smaller  and  oblique,  often  coherent 
in  front,  and  form  the  carina,  or  keel.  Irregular  corollas 
occur  also  in  the  Fumariaceae,  Yiolacepe,  Balasaminepe,  &c. 

Gamopetalous  corollas,  like  gamosepalous  calyces,  have 
frequently  a tube,  a throat,  and  a limb ; they  are  regular  or 
irregular.  The  regular  forms  are  tubular,  as  in  many  of 
the  Compositpe ; campanulate,  as  in  some  Solanaceae ; 
funnel-shaped,  or  infundibuliform,  as  in  Convolvulacepe  ; 
urceolate,  as  in  Ericacepe ; hypocrateriform,  or  salver- 
shaped, as  in  Vinca  rosea  and  Jasminaceae.  Irregular  gamo- 
petalous corollas  occur  in  the  ray  florets  of  many  Compo- 
sitae  (see  Fig.  73)  (and  all  the  corollas  are  ligulate  in  the 
tribe  Cichoraceae  of  the  same  order),  where  they  are  termed 
ligulate.  In  Labiatae  the  corolla  is  usually  bi-labiate  or 
two-lipped,  the  upper  lip  being  formed  of  two,  the  lower  of 
three  more  or  less  coherent  petals.  The  mouth  of  the 
corolla  is  sometimes  closed  by  a cushion-like  formation, 
( personate  corolla),  as  in  Lindenbergia  and  many  other 
Scrophulariaceae ; in  this  condition  also  the  base  of  the 
corolla  is  frequently  swollen  (gibbous). 


FORMS  OF  COROLLA. 
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The  Perianth. 

The  terra  perianth  is  specially  employed  when  the  two 
circles  of  the  floral  envelope  are  simi- 
lar in  size  and  colour.  A large  num- 
ber of  the  Monocotyledonous  orders 
possess  a petaloid  perianth,  which 
may  be  regular  or  irregular.  Where 
there  is  only  one  perianth  whorl,  and 
it  is  desired  to  state  whether  it  con- 
sists of  coherent  or  of  free  leaves,  the 
terms  gamophyllous  or  (symphyllous) 
apophyllous  may  be  used.  In  Ama- 
ryllis there  is  a regular  apophyllous 
perianth  ; in  the  Zingiberaceie,  Ma- 
rantaceae,  and  Orchidese,  there  are  irregular  apophyllous 
perianths.  Aristolochia  Indica  has  an  irregular  gamophyl- 
lous perianth ; Polygonacese,  a regular  gamophyllous 
perianth. 

FORMS  OF  PERIANTH. 


Fig.  75. 


Petaloid  perianth  of  a lily. 


Gamophyllous.  Apophyllous. 


Regular:  Irregular:  Regular:  Irregular: 

Ex., Polygonacese.  Ex.,  Aristolochia.  Ex.,  Lily.  Ex.,  Orchids. 

Fig.  76. 

The  orchidaceous  perianth  requires  special 
notice,  as  it  presents  a great  variety  of  forms  ; 
the  three  outer  members  are  more  or  less  alike, 
and  are  generally  smaller  than  the  inner  series, 
the  anterior  one  of  which  is  called  the  lahellum. 
Besides  the  usual  sepaloid  and  petaloid  forms 
and  structures  of  the  perianth  leaves,  there 
occur  other  considerable  deviations  from  the 
ordinary  foliar  structure ; thus,  for  example, 
the  imperfect  perianth  of  grasses  consists  of 

erilm/’of  very  Sma11  d.elicate’  colourless,  membraneless 
ArUuAochia  scales  (the  lodiculce) ; that  of  some  Cyperacese 
indica.  is  replaced  by  hair-like  bristles  ( setce ). 
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The  Anclroecium. 


The  Anclroecium  is  composed  of  the  assemblage  of  the 
male  sexual  organs  of  a flower.  Each  separate  organ  is 
called  a stamen,  and  consists  of  the  anther  aud  its  stalk, 
the  filament.  The  anther  consists  of  two  longitudinal 
halves  (anther-lobes)  placed  on  the  upper  part  of  the 
filament,  right  and  left  of  its  median  line  the  portion 
of  the  filament  inserted  between  the  anther-lobes  is  the 
connective ; when  the  filament  is  wanting,  the  anther  is 
sessile. 


Staminodes  are  sterile  stamens  devoid  of  anthers,  and 
occur  in  many  flowers,  as  in  Bauhinia  and  many  other  of 


the  Leguminosse, 


These  staminodes  are  reduced  to  glandu- 


ar  papillae,  in  the  flowers  of  many  Cruciferse. 

The  filaments  are  usually  filiform  (thread- 
like), as  in  the  Papaveraceae ; sometimes  they 
are  capillary  (hair-like),  as  in  Grand  neae. 
They  are  flattened  in  Auranticeae  ; petaloid  in 
Marantaceae,  Zingiberaceas,  and  Nympbaeacese. 
When  the  filament  is  attached  to  the  base  of 
the  connective,  like  the  petiole  of  a foliage 
leaf,  it  is  innate,  as  in  Lemna,  Hiptage,  &c. 
In  many  flowers,  the  anther  is  adnate, — i.e., 
it  is  united  throughout  its  whole  length 
to  the  filament,  as  occur  in  most  flowers.  In 
Gramineae  and  Passifloraceae,  the  anther  is 
versatile,  the  filament  being  attached  by  a 
slender  apex  to  the  middle  of  the  back  of  the 
anther.  The  number,  mode  of  attachment, 
and  relative  length  of  the  filaments  are  of 
importance  in  connection  with  classification 
(see  page  79). 

In  nearly  all  Labiatae,  Yerbenaceae,  Scrophulariaceae, 
Acanthaceae,  Gesneraceae,  arid  Bignoniacea3  there  are  two 
short  stamens  and  two  long  ones  ( didynamous ).  In 
Cruciferae  there  are  six  stamens,  two  shorter  than  the 
others  ( tetradynamous ).  When  longer  than  the  corolla 
tube,  the  stamens  are  exserted.  “ A phenomenon  of  great 
importance  from  a morphological  point  of  view  is  the 
branching  of  stamens  which  occurs  in  many  Dicotyledons, 


Versatile 
anther  of 
Amaryllis. 
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a peculiarity  of  structure  which  was  erroneously  confound- 
ed by  the  older  botanists  with  their  cohesion,  although 
the  two  are  fundamentally  distinct”  (Sachs).  When  the 
filaments  form  a tube  round  the  style,  the  stamens  are  mona- 
delphous,  as  in  the  Malvaceae,  Sterculiaceae,  and  Meliacese,  &c. 
When  they  are  in  two  equal  bundles,  as  in  Fumariaceae,  or 
in  unequal  bundles,  as  in  most  of  the  Papilionaceae,  where 
nine  of  the  stamens  are  united,  and  one  free,  they  are 
diadelphous.  In  many  Hypericacese,  they  are  triad, elphous  ; 
and  in  Aurantiaceae,  they  are  polyadelphous.  When  the 


Monadelphons  sta-  Diadelphous  sta- 
mens of  Malvacece.  mens  of  Legunii- 

nosce. 


Fig.  80. 


Auvantiacece. 


filaments  are  free,  and  the  anthers  coherent,  the  stamens 
are  syngenesious,  as  in  the  Compositae  and  Lobeliaceae. 
Occasionally  the  stamens  adhere  to  the  carpels  (gynan- 
drous),  as  in  Orchideae  and  Asclepiadaceae.  When  the 
axial  part  of  the  flower  (the  receptacle  or  torus)  is  so 
elevated  in  the  centre  that  the  base  of  the  gynaecium 
lies  above  the  stamens,  or  at  least  in  the  middle  of  the 
androeeium,  the  perianth  and  andrcecium,  or  even  the 
whole  flower,  is  said  to  be  hypogynous,  as  in  the  Itamun- 
culaceae,  Papaveraceae,  etc.  When,  on  the  contrary,  the 
receptacle  is  hollowed,  bearing  the  perianth  on  its  margin 
while  the  gynaecium  springs  from  the  bottom,  the  flower 
is  said  to  be  perigynous,  as  in  the  Rosaceae,  etc.  The 
flower  is  finally  epigynous  when  it  possesses  an  inferior 
ovary,  as  in  the  Myrtaceae,  Umbel liferae,  etc.  (Hypogynous 
is  synonymous  with  thallamifloral ; sec  page  37.) 


4 


forms  of  the  andrcecium. 
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Fig.  81. 


Pollen  grain  of  Cu- 
curbita  (magnified). 


Fig.  82. 


Fig.  83. 


two  cavities  remain  in  the  anther  by  the  union  of  the 
sacs  in  each  lobe  ; in  this  case  the  anther  is  bilocular ; 
sometimes  the  anthers  have  only  a single  cavity  (' unilo- 
cular),  as  in  the  Malvaceae,  Amarantaceae,  etc. 

In  most  plants,  the  pollen  consists  of 
minute  yellow  granules,  distinct  from  one 
another;  in  Asclepiadaceae  and  Orchideae, 
however,  the  pollen  remains  permanently 
coherent  into  masses  termed  pollinia, 
sometimes  furnished  with  a stalk-like 
process,  the  caudicle,  terminating  in  a 
glandular  base,  the  retinaculum,  by  which 
they  adhere  to  foreign  bodies. 

When  the  anthers  are  mature,  they  burst  open  or  dehisce 
to  discharge  the  pollen.  This  dehiscence  usually  takes 
place  on  the  side  nearest  to  the  gynaecium  ( introrse ) ; 
occasionally  the  dehiscence  takes  place  at  the  side  of  the 
anther  furthest  away  from  the  gynaecium  (extrorse)  ; the 
anthers  usually  burst  by  a longitudinal  fissure  in  each 

anther-lobe  ( longitudinal 

dehiscence).  The  anthers  of 
Lemna  open  by  transverse 
slits  ( transverse  dehiscence ) ; 
sometimes  the  pollen  escapes 
by  orifices  in  the  wall  of  the 
anther  ( porous  dehiscence), 
as  occurs  in  Solanum,  Senna, 
Ericaceae,  Gutti ferae,  Polyga- 
laceae,  Euphorbiaceae,  &c. 
0 percular  dehiscence  results 
from  a partial  separation  of 
a portion  of  the  wall  of  the 
, £ „ . , , , loculus  in  the  form  of  a lid 

Anther  of  Senna  open-  Anther  of  Laurus  . _ 1 u> 

ing  by  pores  a:  the  opening  by  valves  8>8  1U  JLtaui'US. 
apex  (enlarged).  (enlarged). 

The  Gyncnceum,  or  Pistil. 

The  distinguishing  character  of  the  Phanerogamia  (flower- 
ing plants),  as  contrasted  with  the  Cryptogamia  (non- 
flowering plants),  lies  in  the  formation  of  the  seed.  This 
organ  is  developed  from  the  ovule,  which  in  its  essential 
part,  the  nucleus,  produces  the  embryo-sac.  Flowering 
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plants  may  be  classified  as  follows  : — 1st,  the  Gymnospermia, 
in  which  the  ovules  are  not  enclosed  in  a structure  (the 
ovary)  resulting  from  the  cohesion  of  carpellary  leaves  ; 
2nd,  the  Angiospermia,  in  which  the  ovules  are  produced 
in  the  interior  of  a structure  (the  ovary)  formed  by  the 
cohesion  of  carpellary  leaves,  often  only  of  one  carpel,  the 
margins  of  ‘which  have  become  coherent.  The  lower  hollow 
portion  enclosing  the  ovules  or  rudimentary  seeds  is  the 
ovary;  the  middle  attenuated  portion,  the  style ; and  the 
uppermost  glandular  portion,  the  stigma.  The  stigmas  are 
glandular  swellings  or  expansions  of  various  forms  which 
retain  the  pollen  that  is  carried  to  them,  and  by  means  of 
the  moisture  which  is  excreted  from  them  induce  the  emis- 
sion of  the  pollen  tubes.  The  stigma  may  be  capitate,  as 
in  the  Liliacem;  feathery,  as  in  Graminese;  linear,  as  in 
Composite;  lateral,  as  in  Leguminosie  : in  Labiatse  and 
Boraginaceae  the  four  lobes  of  the  bi-locular  ovary  form 
strong  protuberances  (see  Fig.  122),  so  that  the  st}de  finally 
appears  to  spring  from  between  four  parts  of  the  ovary 
which  seem  to  have  scarcely  an}r  connection  with  one 
another,  and  is  hence  termed  a gynobasic  style.  Some- 
times, as  in  Papaveraceie,  the  stylar  portion  does  not  exist ; 
the  stigma  is  then  sessile  on  the  ovary. 

The  number  of  carpels  is  frequently  less  than  that  of  the 
organs  in  the  outer  whorls,  being  often  reduced  to  two 
(dicarpiae),  as  in  the  Apocynaceae,  Solanaceae,  &c.  In  the 
Leguminosse,  Urticaceae,  &c.,  there  is  only  a single  carpel ; 
multiplication  of  the  carpels  is  frequent  in  the  Cohort 
Ranales.  In  the  Orchideae,  Liliaceae,  and  other  Monocotyle- 
dons, the  agreement  of  the  number  of  carpels  with  the  organs 
in  the  other  whorls  is  almost  universal.  The  Gynaecemn  is 
superior  in  hypogynous  (poppy)  and  perigynous  (rose) 
flowers;  inferior  in  epigynous  ones  (plantain).  The  ovary 
is  monocarpellary  when  it  consists  of  only  a single  carpel, 
the  margins  of  which  are  coherent,  so  that  the  mid-rib 
runs  along  its  back  (dorsal),  and  the  ovules  when  they  are 
marginal  (ventral)  form  a double  row  opposite  to  it.  A 
polycarpellary  ovary  is  always  the  result  of  the  union  of 
all  the  carpels  of  a flower,  the  number  being  usually  two, 
three,  four,  or  five,  arranged  in  one  whorl.  If  the  separate 
carpels  remain  open  and  cohere  in  such  a manner  that  the 


pellary  ovary,  as  in  Papayaceze.  A bi-  or  mulli-locular  polycarpdlary  ovary  results  when 
the  margins  of  the  carpels  project  inwardly  so  far  that  they  meet  or  cohere  either  in  the  axis 
or  periphery  of  the  ovary.  The  term  apocarpous  is  used  for  an  ovary  formed  from  numerous 
distinct  carpels  ; syncarpous  for  an  ovary  formed  from  several  united  carpels.  The  following 
abstract  clearly  shews  the  different  forms  of  Gymeceum  : — 
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ual : Ex.,  Pipe-  more,  lateral : cular:  Ex.,  locular:  Ex  , nal:  Ex.,  dug-  more  lateral: 
race®.  Ex.,  Celosia.  Cucurbitace®.  Plantain.  laude®.  Ex.,  Flelian- 

thus. 
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Fig.  84. 


Diagram  shewing  multi  locular 
polycnrpcilary  ovary  of  plantain. 


Fig.  85. 


Diagram  shewing  unilocular  polycar- 
pel I ary  ovary  of  violet,  formed  from  8 car- 
pel huy  leaves.  A similar  ovary  occurs  in 
Papaya,  formed  from  5 carpellary  leaves. 


The  region  of  the  carpel  or  axis  from  which  the  ovules 
arise,  is  called  the  'placenta ; the  ovules  are  either  sessile 
or  attached  to  the  placenta  by  a stalk,  or  funiculus.  In 
some  cases  the  whole  of  the  interior  wall  of  the  ovary 
serves  as  a placenta,  as  in  Papaveracese  and  Nymphpeacepe. 
In  Piperacepe,  Helianthus,  &c.,  the  ovules  are  produced  from 
the  prolongation  of  the  floral  axis, — the  carpels  themselves 
being  sterile,  the  ovules  are  then  axile  (see  Fig.  80). 


Fig.  86.  Fig.  87.  Fig  88. 


More  frequently  portions  of  the  inner  walls  of  the  carpels 
project  inwards,  and  bear  the  ovules  {parietal  placentation ) 
(see  Fig.  87),  as  in  Cohort  Parietales.  In  multilocular 
ovaries,  the  placentas  of  the  infolded  carpels  are  retroflexed, 
constituting  central  iilacentation  (see  Fig.  88),  as  the  Lili- 
acepe,  Solanacepe,  Scrophulariacepe,  &c. 
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Fig.  90. 


The  ovule  arises  from  the  placenta  as  a conical  papilla, 
which  soon  becomes  elongated  into  an  oval  body — the 
nucleus  enclosed  in  a single,  or  more  usually  in  a double, 
coat  or  integument.  These  coverings  are  formed  by  rings 
of  cellular  tissue  growing  up  around  the  base  of  the  nucleus, 
and  all  but  enveloping  it.  The  outer  coat  is  termed 
the  primine  or  testa ; the  inner  coat,  the  secondine  or 
tegmen.  The  coats  do  not  completely  cover  the  nucleus, 
but  leave  an  opening  at  its  summit,  called  the  micropyle 
or  foramen ; the  base  of  the  nucleus,  where  the  coats 
arise,  is  called  the  chcdaza. 

The  orifice  named  the  micropyle  forms  a canal  passing 
through  both  coats  ; the  portion  passing  through  the  outer, 

or  testa,  is  called  the  exostome ; 
that  through  the  inner,  the 
endostome.  In  the  interior  of 
the  nucleus  is  a large  cell,  called 
the  embryo-sac,  within  which  the 
embryo  (rudimentary  plant)  is 
formed. 

With  regard  to  their  form, 
ovules  may  be  divided  into  three 
kinds:  1st,  the  orthotropous,  in 
which  the  ovule  is  straight,  as  in 
Polygonacese,  and  where  the  mi- 
cropyle is  exactly  opposite  the 
chalaza.  2nd,  campylotropous,  in  which 
the  ovule  is  curved,  formed  by  the  bend- 
ing over  of  the  nucleus,  upon  itself,  in 
the  form  of  the  letter  U,  as  in  Caryo- 
phyllaceai ; in  this  case  the  micropyle  and 
the  chalaza  are  almost  in  contact.  3rd, 
anatropous,  as  in  Cucurbitacese  and  Lili- 
acese,  where  the  ovule  is  itself  inverted,  so 
as  to  bring  the  micropyle  near  the  base, 
while  the  nucleus  remains  straight.  The 
integuments  (or  at  least  the  outer  one) 
have  united  in  growth  with  the  ascending 
funiculus,  which,  so  far  as  this  union  is  complete,  is  termed 
the  raphe.  W hen  the  ovule  is  half  inverted,  the  term 
amphitropou8  is  sometimes  used. 


Orthotropous 
or  Atropous 
ovule  of  lJo- 
lygonacece. 


Campvlotropus 
ovule  of  Portu- 
lacacecB. 


Fie.  91. 


Anatropous 
ovule  of  Cu- 
curbitacece. 
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Fig.  92. 


Ortliotropons  ovule  shewing  nucleus,  tegmen, 


testa,  ifec. 


The  Fruit. 

The  fruit  is  the  mature  pistil  (gynaeceum);  it  must  be 
most  clearly  borne  in  mind  that  the  fruit  is  not  a new 
plant  structure ; the  only  new  parts  in  a morphological 
sense  are  the  embryo  and  the  endosperm  which  are  pro- 
duced in  the  ovule.  The  covering  of  the  fruit  is  a sub- 
stance formed  from  the  carpels,  or  from  some  other  parts 
of  the  flower,  and  is  called  the  pericarp.  In  Datura,  the 
covering  is  formed  by  the  carpels  alone ; 
in  the  plantain,  the  perianth  also  enters 
into  the  constitution  of  the  pericarp.  The 
pericarp  is  of  a different  structure  in  differ- 
ent fruits  : in  the  tepari  it  is  succulent;  in 
the  orange  and  pomegranate  it  is  externally 
coriaceous,  internally  succulent;  in  many 
plants  of  Leguminosse  it  is  dry  and  mem- 
branous ; in  the  cocoanut  it  is  fibrous  on  the 
outside  and  woody  on  the  inside. 

In  those  plants  in  which  there  is  a distinc- 
tion between  the  consistence  of  the  external,  middle,  and 
internal  portions,  the  external  portion  is  called  the  epicarp  ; 
the  middle  layer,  the  mesocarp  ; and  the  inner,  the  endocarp. 

( See  Fig.  92?’ ).  The  distinction  between  the  epicarp,  mesocarp, 
and  endocarp  arises  during  the  ripening  of  the  fruit ; in  the 
immature  state  they  are  undistinguishable.  In  the  mango, 


Fig.  92a. 


Winged  seed,  as 
in  Moving  a ptery- 
fjosperma. 
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Fier.  92 b. 


Section  of  a Cotton  seed. 


Fiir.  92c. 


the  epicarp  forms  the  external  coat, 
the  mesocarp  is  succulent,  and  the 
endocarp  woody.  The  succulent 
portion  is  sometimes  called  sarco- 
carp,  and  the  woody,  putamen. 

During  the  ripening  of  the  pistil, 
the  ovules  which  it  contains  and 
which  have  been  fertilized  are 
developed  into  seeds. 

Some  fruits,  particularly  the 
succulent  kinds,  do  not  burst  to 
discharge  their  seeds  when  ripe; 
such  fruits  are  called  indehiscent. 
Those  fruits  that  burst  or  separate 
into  pieces  when  mature,  are  called 
dehiscent.  Fruits  may  be  classi- 
fied as  mature  pistils,  or  the 
classification  may  be  founded  on 
a consideration  of  their  original 
formation  and  of  their  anatomical 
structure  in  the  early  state. 


Fig.  92<f. 


Section  of  fruit  of  a cucurbitaceous 
plant,  shewing  the  peculiar  form  of 
parietal  placentation. 


Fruit  of  Anac.ardium  oxidentale.  The  eat- 
able portion  is  formed  from  the  thalamus,  the 
true  f i uit  resting  like  a nut  oil  the  upper 
portion. 
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Fig.  92s. 


Fig.  92/. 


Fruits  classified  as  mature  instils. 

Fruits  may  be  divided  into  two  primary  classes — dehis- 
cent and  indehiscent. 

Dehiscent  fruits  may  be  divided  into  two  sub-classes, — 

1,  capsules,  and 

2,  schizocarps. 
Capsules  are  dry 
dehiscent  fruits, 
which  burst 
when  ripe  and 
allow  the  seeds 
to  escape,  and 
include  capsule 
proper,  legume, 
follicle,  siliqua, 
and  pyxiclium. 

The  capside 
(in  the  narrower 
se  n s e of  t h e 
term)  r e s u 1 1 s 
from  a unilocu- 
lar polycarpel- 
lary  or  a multi- 
locular  ovary, 
and  splits  longi- 
valves,  which 


Capsule  of  Datura, 
shewing  the  mode  of 
septifragal  dehiscence. 


Siliqna  of  Crucifevai.  shew- 
ing the  2 carpels  of  which  the 
fruit  consists  dehiscing. 


tudinally  into  two  or  more  lobes  or 
separate  from  one  another  only  partially  from  the  apex 
downwards,  or  entirely  to  the  base:  ( a ) If  the  splitting 
occurs  only  at  the  apex,  as  in  Argemone  Mexicana,  the 
capsule  is  then  said  to  dehisce  by  teeth.  ( b ) When  dehis- 

Fig.  92//. 


Diagrams  shewing  septifragal,  loculicidul,  and  septicidal  Dehiscence. 
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cence  takes  place  to  the  base  of  the  capsule,  the  dehiscence 
is  said  to  be  valvular,  of  which  there  are  three  kinds.  If 
the  valves  separate  from  the  septa  and  fall  off,  as  in  Datura, 
Fig.  92A.  the  dehiscence  is  termed  seiitifragal  (see 

•vvy^  ^ Fig.  99) ; if  the  septa  separate  and  fall 
off  with  the  valves,  the  dehiscence  is 
-5T /CD<3f? Vs \g,  called  septicidcol ; if  the  walls  of  the 

"nL  loculi  burst  open  through  the  dorsal 

~J['  '\W  sutures,  each  valve  representing  two 

CS^  jS,  half-carpels,  the  dehiscence  is  named 
loculicidal,  as  in  Ganna  Indica,  Bixa 
/ i\\  ••  y \ orellana,  and  Lagerstroemia  reginse,  &c. 

Section  of  fruit  of  ( c)  In  Papaver  the  seeds  escape  through 
Datura.  orifices  in  the  upper  part  of  the  walls  of 

the  dry  capsule;  this  form  of  dehiscence  is  termed  porous. 
The  legume  is  a form  of  capsule  consisting  of  a single  carpel 
which  dehisces  by  both  ventral  and  dorsal  sutures,  and  is  the 
characteristic  fruit  of  Leguminosse.  The  follicle  consists  also 
of  a single  carpel ; it  differs  from  the  legume  in  dehiscing 
by  the  ventral  suture  only,  as  in  Apocynacete  and  Asclepia- 
dacefe.  The  siliqua  consists  of  two  carpels,  which  form  a 
bilocularfruit  with  a longitudinal  dissepiment;  it  is  also  a kind 
of  capsule,  and  is  the  characteristic  fruit  of  one  group  of  the 


Aclienes  of 
Lubiutce. 


Pyxidium  of  LvJJa. 


Achene  as  in  Naravelia  Ze.ylanica. 


60 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


Cruciferge ; in  another  group  of  the  same  order  the  fruit  is 
short  and  broad ; it  is  then  called  a silicula,  the  diminu- 
tive of  siliqua.  The  pyxidium  is  a capsule  in  which  the 
dehiscence  takes  place  transversely,  the  upper  part  falling 
off  like  a lid  from  the  middle  or  upper  part  of  the  fruit,  as 
in  Portidaca  and  Luffa  (Dundul).  (See  Fig.  92 ,j.) 

The  schizocarp,  like  the  capsule,  offers  considerable  di- 
versity ; the  term  is  applied  to  all  fruits 
that  separate  when  ripe  into  one-seeded 
pieces,  each  piece  being  indeliiscent ; in 
Labiatje  there  are  four  portions  or  cocci, 
sometimes  called  collectively  carcerulus. 
In  Umbelli terse  the  schizocarp  is  termed 
a crcmocarp,  and  the  indeliiscent  cocci 
mericarps.  In  some  Cruciferse  and  Legu- 
minosse,  the  scliizocarp  splits  at  right 
angles  to  the  axis  ; such  a fruit  is  called 
a lomentum. 

Indehiscent  fruits  are  simple  or  con- 
fluent. The  simple  kinds  may  be  divid- 
ed into  achene,  berry,  and  drupe.  The  achene  (see  Fig. 
92 k)  is  a dry  indehiscent  one-seeded  carpel  with  the  seed 
free  in  the  interior.  The  Caryopsis  is  the  one-seeded  fruit 


Fig.  92Z. 


Cremocnrp  of  Vmbel- 
liJ’ercB. 


Fig.  92 m. 


Moniliform 
legume  of 
Acacia. 


Fig.  92ra. 
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Fig.  92o. 


Lomentum  of  Ormocarpum. 

of  the  Graminese,  and  differs  from  achene  proper,  in  the 
dry  pericarp  not  being  separable  from  the  seed.  Cypsela 
is  the  characteristic  fruit  of  the  Composite  ; it  is  an  achene 
often  crowned  by  the  pappus,  and  containing  an  erect  ape- 
rispermic  seed.  A samara  is  an  achene  which  has  a mem- 
branous wing  or  wings  developed  from  the  pericarp,  as  in 
Hi ptage,  Madablota  (see  Fig.  92p),  &c.  The  glans,  originally 
two  or  more  celled,  is  a nut,  the  characteristic  fruit  of  the 
Cupuliferse  with  a persistent  involucre,  called  a cupule. 
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Fig.  92p. 


Samara  of  Mptage  Madablota ; the  wings  are  formed  from  the  carpel 
during  the  ripening  of  the  fruit. 


Ill  the  following  fruits  the  pericarp 
Fig.  92?. 


Pepo  of  ilomordica. 


is  furnished  with 
hooks : — Martynia 
diandra  (Cowa), 
Pedaliac  e cv 
Achyranthes  aspe- 
ra  (Apang),  Amar- 
antuceoi  Chrysopo- 
gon  acicu  laris 
(Chorlcauta),  Xan- 
t hi  u to  indicum 
(Bou  okra). 

In  the  berry,  all 
the  layers  of  the 
pericarp  are  fleshy 
and  succulent,  as  in 
Physalis  peruviana. 
The  Pepo  is  a ber- 
ry, with  a leathery 
epicarp,  and  is  the 
common  fruit  of 
Cucurbitaceae  (see 
Figs.  92 d and  92 q). 
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Fi".  92 r. 


Drupaceous  fruit  of  the  Cocoanut.  Tlie  shell 
or  endocarp  (x) ; near  tlie  base  is  seen  the  minute  embryo. 
Ficr.  92s 


represented  in  the  hollow  portion. 
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The  drupe  is  the  ordinary  stone  fruit,  as  represented  by 
the  mango  and  cocoanut;  the  endocarp  is  hard  and  woody, 
and  encloses  the  seed.  The  pome  is  a kind  of  drupe  in 
which  the  endocarp  is  cartilaginous,  as  in  the  apple. 

Where  the  fruits  of  an  inflorescence  are  massed  together,  the 
whole  forms  a multiple  fruit,  of  which  there  are  three  kinds. 
]s£. — The  syconus,  which  is  a succulent  fruit,  formed  by 
an  enlarged  fleshy  axis,  in  which  are  embedded  numerous 
achenes,  as  in  Ficus,  &c.  2nd. — The  sorosis,  which  is  also 
a succulent  fruit,  formed  by  an  enlarged  fleshy  axis,  in 
which  are  embedded  numerous  berries,  as  in  pineapple 
and  Artocarpus.  Sometimes  the  axis  is  not  succulent,  as  in 
Morus.  3rd. — Strobilus,  or  cone,  is  a fruit  formed  of  a coni- 
cal or  ovate  mass  of  imbricated  scales.  The  galbulus  is  a 
form  of  strobilus,  in  which  the  scales  are  thickened,  forming 
a globular  mass,  as  in  Thuja,  Juniper,  &c. 


Fig.  92m. 


Fig.  92m. 


Sorosis  of  Morus , 
formed  from  cohering 
berries. 


Expanded  receptacle  of 
Dorstenia  contrctyerva: 
each  dot  represents  a 
separate  fruit  imbedded 
in  the  axis. 


Fig.  92m;. 


Baccate  fruit  of 
Pomegranate. 


Abstract  of  fruits  classified  as  mature  pistils. 

Fruits. 


FRUITS  CLASSIFIED. 


65 


H bo 


n 

o 


~rp  - 

<u 

d 


4^ 

P 

o 


A — 

a 
O 


—.2*1  * 

rd  ^ 

02  r 
M © 
rvi  © 
W 02 
O 
o 


o 

fa 

© C3 

d o 

3^ 

~ bo  r 
© M 
^ W 
q 


CO 

a> 

r-(  * 

° fe* 

Cu  A 
>->  o 

r^J  r 

S « 

d rvi 

o M 

Oh 

O 


o 

> 

c3 

> iO 
<y 

^ bO- 

bD  sL 

d 

*d  © 

d CD 
©C£ 
P 

o 


o 


o 

a» 

43 

rP 

bo 

^d 

*3- 

o 
- P 
G 


c3 

rr^ 
• >-h 

. O 


o 

02 


C3 

rC- 


o 

o 

H-d 


Cg 

bO 

c5 


o W 
ai  w 


o 


. Datura.  Ex..  Canna.  Ex.,  Some  Euphorbias. 


G6 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


Classification  of  fruits  founded  on  a consideration  of 
tlieir  original  formation. 

Tlie  foregoing  classification  is  probably  the  simplest,  but 
teaches  nothing  of  the  real  nature  of  the  fruit.  The  fol- 
lowing, on  this  account,  is  recommended  by  Sir  J.  Hooker. 
By  examining  fruits  in  this  way,  a better  knowledge  is 
obtained  of  them  than  by  any  other  means.  It  is  impor- 
tant to  observe  whether  the  fruit  is  the  product  of  an  infe- 
rior or  superior  ovary  : — 

Class  I. — Multiple  fruits  or  Infructescences  (Poly tha- 
lamic), including  (1)  syconus,  (2)  sorosis,  (3)  strobilus. 

Class  II. — Simple  fruits  formed  by  the  pistil  of  one 
-flower  (Monothalamic)  ; this  class  may  be  divided  into  six 
sub-classes : 

(a.)  Indeliiscent  fruits  of  one  carpel,  including  the 
drupe,  as  in  Anacardiacese,  the  achene,  as  in  some  Urti- 
cacea3,  &c.,  and  some  berries. 

(b.)  Dehiscent  fruits  of  one  carpel,  as  the  legume  of 
Lcguminos® ; in  this  case  the  fruit  is  superior. 

(c.)  Indeliiscent  fruits  of  several  free  carpels.  The  car- 
pels may  be  many,  dry  (achenes)  or  succulent  (berries). 

(d. ) Indeliiscent  f ruits  of  several  combined  carpels.  In 
this  sub-class,  the  fruit  may  be  superior,  dry,  winged 
(samara),  as  in  Malpighiace®  ; or  superior,  consisting  of  a 
whorl  of  cohering  achenes,  as  in  some  Malvaceae  ; or  superior 
formed  by  four  dry  lobes  from  two  carpels,  as  in  Labiatse 
and  Boraginaceae  ; or  superior,  and  consisting  of  a number  of 
drupes  on  a somewhat  fleshy  receptacle,  as  in  custardapple  ; 
or  superior  baccate  of  two  combined  carpels,  as  in  Solanaceae ; 
or  inferior,  consisting  of'  three  coherent  carpels  with 
central  placentas,  as  in  the  plantain  ; or  inferior,  formed 
of  two  achenes,  which  finally  separate,  as  in  Umbelliferae. 

(e.)  Dehiscent  fruits  of  several  free  carpels,  as  in  some 
Ranunculaceae. 

(/)  Dehiscent  fruits  of  several  combined  carpels.  In 
this  sub-class,  the  fruit  may  be  superior,  dry,  of  two  carpels, 
forming  a 2-celled  capsule,  as  in  Crucifer®  ; or  the  fruit 
may  be  superior,  dry,  of  three  carpels,  forming  a 1 -celled 
3-valved  capsule,  as  in  Violacese ; or  superior,  dry,  of  two 
carpels,  forming  a 2-celled  capsule,  as  in  Bixaceie;  or 
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Eatable  'portion  of  fruits. 

Tlie  sapid  and  nutritious  substances  which  constitute 
the  pericarp  of  some  fruits  are  of  no  direct  use  for  the 
growth  of  the  seeds,  but  cause  their  dissemination  by 
animals  which  feed  on  the  fruits  and  thus  disperse  the 
seeds.  The  eatable  portion  varies  in  different  fruits.  In 
tamarind,  the  part  eaten  is  the  intercellular  tissue  of  the 
modified  leaf.  In  the  orange,  litehi,  and  pomegranate,  the 
eatable  portion  is  a development  from  the  region  of  the 
placenta  (arillus);  the  epicarp,  meSocarp,  and  endocarp  are 
undistinguishable  one  from  the  other  and  form  the  skin, 
which  is  peeled  off’  and  thrown  away.  In  the  mango,  the 
mesocarp  is  the  portion  eaten,  the  epicarp  forms  the  exter- 
nal coat,  and  the  endocarp  the  stone.  In  the  papaya  also, 
the  edible  portion  is  the  mesocarp.  In  the  plantain  and 
pepo,  the  succulently  developed  carpels  are  eaten,  the  per- 
sistent perianth  forming  the  skin.  In  the  guava  the  eatable 
portion  is  the  succulently  developed  calyx,  the  fruit  being  in- 
ferior. In  the  date,  the  epicarp,  mesocarp,  and  endocarp  can 
all  be  eaten,  the  seed  with  an  indurated  testa  forming  the 
stone.  In  the  cocoanut,  the  coir  forms  the  mesocarp,  the  hard 
shell  is  the  endocarp,  the  brown  peel  outside  the  white  part 
that  is  eaten,  is  the  testa,  and  the  white  portion  is  the  en- 
dosperm. The  eatable  portion  of  rice  is  also  the  endosperm. 

The  Seed. 

The  distinguishing  feature  of  the  Phanerogamia  as  con- 
trasted with  the  Cryptogamia  lies  in 
the  formation  of  the  seed.  This  or- 
gan developed  from  the  ovule  is  an 
independent  reproductive  body,  con- 
taining an  embrvo,  or  rudimentary 
plant  at  the  time  when  it  is  cast  olf 
by  the  parent  plant.  The  seed  is  at- 
tached to  the  placenta,  by  a more  or 
less  strongly  developed  stalk  or  funi- 
culus, until  mature,  when  it  separates 
by  an  articulation,  leaving  a scar,  called 
the  hilum  or  umbilicus. 

The  testa  is  in  general  thicker,  firmer,  and  harder  in  pro- 
portion to  the  softness  of  the  pericarp,  especially  when  this 


Fig.  92a;. 


Section  of  fruit  of 
Champa,  shewing  the 
seeds  suspended  by  long 
funiculi. 
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Fig.  922.  latter  bursts  to  allow 
the  dispersion  of  the 
seeds.  The  testa  of 
the  seeds  of  dehiscent 
fruits  is  usually  covered 
by  a distinctly  differ- 
iated  seed  of  entiated  epidermi  s. 
ojacco.  This  latter  frequently 
exhibits  regular  markings,  as  in  the  poppy  (see  Fig.  92 y),  to- 
bacco (see  Fig.  92s).  The  epidermal  seeds  not  unfrequently 
grow  into  hairs,  as  in  the  Asclepiadacete  ; cotton  consists  of 
the  long  hairs  which  clothe  the  seed  of  Gossypium  : in  the 
Bignoniacete,  Coniferse,  and  Moringa  pterygospermia  the 
epidermis  of  the  seeds  is  developed  into  wing-like  expan- 
sions, and  serve  as  an  apparatus  for  the  dissemination  of 
the  seeds  ; the  inner  coat  or  tegmen  is  not  generally  distin- 
guishable ; when  it  is,  it  is  usually  white  and  delicate. 

The  micropyle  is  often  to  be  recognized  lying  in  anatro- 
pousand  campylotropous  seeds  close  beside  the  hilum  gene- 
rally as  a protuberance  pitted  in  the  middle.  A considerable 
number  of  seeds  possess  an  additional  covering  (arillus)  dis- 
tinct from  the  usual  integuments ; the  arillus  is  a new  coat 
which  develops  during  the  ripening  of  the  seed,  and  en- 
velopes it  from  below,,  springing  from  the  point  of  attach- 
ment of  the  seed  to  the  placenta ; this  additional  struc- 
ture is  frequently  fleshy  when  mature,  as  in  the  litchi. 
An  arillode  is  a covering  of  the  seed  which  originates  from 
the  micropyle,  and  grows  down,  more  or  less,  over  the 
testa,  as  in  Euphorbia,  Ricinus,  &c. 

The  body  of  the  mature  seed  is  composed  either  of  the 
embryo  alone,  or  of  the  embryo  embedded  in  a mass  of 
tissue,  called  the  endosperm,  a substance  which  contains 
stanch,  albuminoids,  &c.,  provided  for  the  nourishment  of 
the  embryo;  it  is  usually  formed  within  the  embryo-sac 
(endosperm),  sometimes  in  the  tissue  of  the  nucleus  itself 
(perispcrm).  This  substance  is  found  in  more  or  less 
quantity  in  every  embryo-sac  whilst  the  embryo  is  still 
rudimentary,  but  it  frequently  becomes  absorbed  before 
the  seed  is  ripe.  There  is  no  organic  connection  whatever 
between  the  matured  embryo  and  the  endosperm  with 
which  it  is  in  contact,  yet  the  embryo,  when  germinating, 


Fig.  92 y. 


Reticulated  seed  of 
Poppy,  enlarged. 
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draws  nourishing  matter  from  the  most  distant  part  of  the 
sperm.  Seeds  when  mature  containing  endosperm  are 
termed  endospermic,  as  the  Papaverace®,  Rubiace®,  Apo- 
cynace®.  The  seeds  of  Crucifer®,  Malvaceae,  Aurantiace®, 
&c.,  have,  when  ripe,  no  endosperm. 

Endosperm  varies  very  much  both  in  quantity  and  in  tex- 
ture ; it  is  mealy  or  farinaceous  when  of  a starchy  consist- 
ence, as  in  Gramme®;  oily  in  Papaverace®;  horny,  or 
bony,  as  in  Palmace® ; and  mucilaginous,  swelling  up 
readily  when  wetted,  as  in  Malvace®,  &c. ; ruminated, 
where  the  outer  portion  is  lobed  and  the  sinuosities  are 
filled  up,  and  enclosed  in  an  inseparable  layer  of  different 
coloured  tissue,  as  in  A nonace®,  Myristacace®,  some  Apo- 
cynace®,  and  Palme®. 

The  embryo  exhibits  many  varieties  in  the  relative  posi- 
tion of  its  parts  ; in  Crucifer®,  the  cotyledons  lie  flat  one 
upon  another  (pleurorhizal),  and  the  radicle  upon  the  line 
which  separates  them,  or  the  radicle  may  be  folded  against 
the  back  of  one  of  the  cotyledons  ( notorhizal),  or  the 
radicle  may  be  in  the  hollow  channel  of  the  folded  coty- 
ledons (orthoplozic).  The  embryo  may  be  straight,  as  in 
Urticace®  and  Euphorbiace® ; curved  in  Cannabis  Indica 
and  in  Sapindace®,  in  which  order  the  peculiar  convolution 
of  the  embryo  is  a very  marked  character. 

The  position  of  the  embryo  in  the  endosperm  varies  in 
different  plants ; in  Gramme®  and  Palme®,  the  embryo  is 
superficial,  or  it  may  be  situated  in  the  centre  of  the  en- 
dosperm, as  in  Polygonum.  Sometimes  the  embryo  is 
curved  round  the  outside  of  the  endosperm,  as  Mirabilis. 

The  radicle  generally  points  to  the  micropyle,  rarely 
away  from  it. 

There  are  two  principal  kinds  of  embryo  amongst  flower- 
ing plants, — the  monocotyledonous  and  dicotyledonous. 
Both  have  cotyledons,  plumule,  and  radicle ; but  they  differ 
most  materially  in  their  structure  and  mode  of  growth. 
In  Monocotyledons  the  first  leaves  produced  from  the 
embryo  are  alternate ; the  endosperm  is  usually  large,  and 
the  embryo  small.  In  Dicotyledons  the  first  leaves  of  the 
embryo  form  a whorl  of  two  (or  are  opposite) ; the  endos- 
perm is  very  often  rudimentary,  often  entirely  absorbed  by 
the  embryo  before  the  ripening  of  the  seeds. 
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The  duration  of  the  vitality  of  seeds  is  very  variable ; 
the  most  authentic  instance  of  long-lived  seeds  is  the  sacred 
"bean  of  India,  one  such  taken  from  a herbarium  upwards 
of  one  hundred  years  old  having  germinated.  Wheat  is 
said  to  retain  its  vitality  for  seven  years  at  the  longest. 

Description  of  Plants. 

In  describing  a plant,  an  exact  definition  of  the  char- 
acters by  which  it  may  be  recognized  should  be  given. 
Whether  a description  is  well  drawn  up  or  not  may  be  tested 
by  considering  whether  a person  who  had  never  seen  the 
plant  could  make  a drawing  of  it  from  the  description.  In 
framing  descriptions  of  whatever  kind,  the  order  of  develop- 
ment must  be  observed.  The  description  to  be  complete, 
must  begin  with  the  root  and  end  with  the  seed. 

The  following  descriptions  will  serve  as  examples  as  to 
the  manner  in  which  plants  should  be  described : — 

Sinapis  ramosa,  Roxb.  (Bara-rai). 

N.  O.  Crucifer*. 

Cultivated  in  India,  abundantly  distributed,  cultivated 
westward  to  Egypt,  and  eastward  to  China. 

A tall  erect  branching  annual,  rarely  glaucous  or  hispid 
(at  the  base  only).  Lower  leaves  petioled,  sometimes  pin- 
natifid ; upper,  lanceolate,  toothed,  subsessile.  Flowei’s 
bright  yellow ; pods  half  inch,  linear,  lanceolate ; beak 
straight,  flattened,  half  inch ; valves  with  a prominent 
mid-rib.  Seeds  small,  dark,  rugose  (from  Flora  of  British 
India,  Hooker,  under  the  name  Brassica  juncea,  Hf.  and  T.) 

Glycosmis  pentaphylla,  D.  C.  (Ashshaura). 

N.  0.  Aurantiace*. 

A small  evergreen  shrub,  very  common  on  roadsides  and 
waste  places. 

Stem  erect,  from  two  to  four  feet  in  height.  Leaves 
membranous,  compound;  leaflets  (one  to  five),  varying 
from  one  to  six  inches  in  length,  oblong,  elliptic,  obovate, 
or  lanceolate  ; margins  entire  waved.  Flowers  few  or  many, 
small,  white,  in  panicles.  Beny  white,  globose,  usually 
the  size  of  a large  pea. 

Vinca  rosea,  L.  (Galphiringi). 

N.  0.  Apocynaceae. 

A perennial  herb,  growing  on  cultivated  ground,  with 
opposite  leaves,  and  axillary  red  or  white  flowers. 
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Root  tapering,  fibrous ; stem  erect,  woody,  branching 
close  to  the  ground,  smooth,  of  an  ash  colour;  upper  por- 
tion of  branches  green.  Leaves,  simple,  opposite,  oval, 
pinnately  nerved;  apex  ending  in  a fine  point;  surface 
smooth,  margins  entire.  Flowers  axillary,  generally  in  pairs, 
regular,  hermaphrodite;  calyx  divided  nearly  to  the  base 
into  five  lobes,  which  are  acutely  pointed  ; corolla  hypocra- 
teriform,  much  longer  than  the  calyx ; tube  cylindrical, 
constricted  at  the  mouth,  the  spreading  limb  of  five  oblique 
lobes;  stamens  5,  epipetalous,  alternating  with  the  lobes 
of  the  corolla;  anthers  subsessile;  pistil  syncarpous ; the 
two  carpels  distinct  below,  uniting  in  a single  tube  above  ; 
stigma  dumbbell-shaped.  Fruit  consisting  of  two  follicles. 
Seeds  numerous,  perispermic. 

Argemone  Mexicana,  Linn.  (Bara-shelkdntdb 

N.  0.  Papaveracem. 

An  herbaceous  annual,  with  yellow  juice,  prickly  leaves, 
and  bright-yellow  conspicuous  fiowers,  growing  luxuriantly 
on  waste  ground. 

Root  tapering;  stem  erect,  herbaceous,  furnished  or 
armed  with  a few  prickles.  Leaves  simple,  sessile,  pinna- 
tifid ; margins  undulated,  armed  with  numerous  small 
prickles ; mid-rib  and  veins  white.  Flowers  solitary  termi- 
nal ; calyx  of  three  sepals,  caducous,  prickly,  valvate  in 
mstivation  ; corolla  of  six  yellow  imbricated  petals  ; sta- 
mens indefinite,  inserted  on  the  thalamus;  pistil  syncar- 
pous, 1-celled,  ending  in  a red  sessile  stigma.  Fruit  a 
capsule,  like  the  rest  of  the  plant,  prickly,  containing 
numerous  black  perispermic  seeds. 

Oryza  sativa,  L.  (Dhan). 

N.  0.  Graminese. 

(As  there  are  more  than  a hundred  varieties  of  rice,  the 
description  will  vary  according  to  the  specimen  examined.) 

A cereal  with  an  erect  narrow  paniculated  inflorescence. 

Root  fibrous;  culm  erect,  jointed,  hollow,  striated,  gla- 
brous. Leaves  alternate,  sheathing,  linear,  finely  acumi- 
nate, parallel-nerved,  scabrous,  with  minute  sette  (bristles, 
sharp-pointed  hairs)  directed  towards  the  stem.  Ligule  pro- 
minent, membranous.  Inflorescence,  a panicle.  Spikelets 
1-flowered.  Outer  glumes  2,  minute,  nearly  equal; 
flowering  glumes  2 : outer,  boat-shaped,  scabrous  (covered 
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•with  very  stiff  short  hairs),  embracing  the  inner  glume, 
5-nerved,  with  a minute  black  mark  at  the  top ; inner 
glume,  or  palea,  resembling  in  size  and  appearance  the 
outer  glume,  boat-shaped,  rough,  3-nerved,  with  a black 
mark  at  the  top.  Lodiculse  2,  small,  glabrous ; stamens 
6,  distinct,  hypogynous ; filaments  filaform  ; anthers  versa- 
tile, bilocular,  dehiscing  longitudinally ; pistil  superior 
syncarpous,  1-celled,  1 -seeded ; styles  2,  with  feathery 
stigmas.  Fruit  a caryopsis,  enveloped  in  the  adherent 
persistent  glumes ; embryo  lying  at  one  side  at  the  base  of 
the  farinaceous  endosperm. 

Tamarindus  indica,  L.  (Tinturi,  Amali). 

N.  0.  Leguminoste. 

One  of  the  commonest  and  largest  trees  in  India, 
compact,  much  branched ; the  bark  is  dark  coloured ; the 
wood  is  hard,  very  durable,  and  beautifully  veined.  The 
leaves  are  compound,  alternate,  paripinnate,  glabrous ; 
leaflets  (from  10  to  20  pairs),  subsessile,  entire,  ob- 
tuse ; stipules  small,  caducous.  Flowers  small  in  racemes. 
Bracts  obovate,  brightly  coloured,  caducous;  calyx  gamose- 
palous,  infundibuliform  ; limb  4-parted,  expanding  ; members 
imbricated  entire ; corolla  of  three  petals,  one  posterior, 
two  lateral,  sub-papilionaceous ; stamens  3,  alternating 
with  staminodes,  somewhat  monadelphous ; anthers  oblong, 
versatile ; pistil  consisting  of  one  carpel ; style  short ; 
stigma  terminal,  obtuse ; ovules  usually  from  8 to  10. 
Fruit  an  oblong,  usually  curved,  indehiscent  legume  ; meso- 
carp  and  endocarp  pulpy  enveloping  the  seeds.  Seeds 
without  endosperm,  covered  by  a thick  shining  testa. 

Having  got  a general  idea  of  the  members  to  be  looked 
to  in  drawing  up  a description  of  a plant,  it  is  desirable 
to  be  able  to  form  an  estimate  of  their  relative  value,  to 
enable  the  examiner  to  place  the  plant  in  its  true  natural 
position.  These  important  characters  form  the  diagnosis 
of  a plant  or  of  a group  of  plants. 

The  characters  given  in  the  following  schedules,  devised 
by  the  late  Professor  Henslow  of  Cambridge,  are  sufficient 
to  determine  the  orders  to  which  the  plants  belong.  To 
discriminate  the  smaller  groups  of  genera  and  species, 
recourse  must  be  had  to  other  peculiarities  presented  by 
the  plants  in  question  : — 


Hibiscus  rosa-sinensis,  L.  (Java) 
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Musa  paradisiaca,  L.  (ICala). 
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The  Floral  Diagram. 

Nothing  gives  such  important  aid  in  the  study  of  Flow- 
ers as  learning  to  make  floral  diagrams  correctly,  and 
care  should  be  taken  to  make  the  diagram  sufficiently 
large ; a clear  diagram  should  occupy  a space  of  about 
3 inches  square;  the  details  which  are  most  important 
in  comparing  flowers  of  different  groups  should  be  given. 
When  the  number  of  organs  in  the  flower  are  small,  they 
can  easily  be  represented  as  lying  on  a series  of  circles, 
one  within  the  other.  A dot  above  the  diagram  represents 
the  position  of  the  axis  of  the  flower;  different  signs 
have  been  chosen  to  represent  the  number  and  position 
of  the  various  separate  organs  in  order  to  render  the  ex- 
planation more  readily  visible  to  the  eye.  The  leaves  of 
the  perianth  are  represented  by  arcs  of  a circle ; the  sign 
chosen  for  the  stamens  resembles  a transverse  section  of 
an  anther ; the  gynaeceum  is  treated  as  a simplified 
transverse  section  of  the  ovary,  since  it  is  thus  most  easily 
distinguished  from  the  other  parts. 


CHAPTER  II. 

Classification  and  Special  Morphology. 

The  characters  of  plants  are  transmitted  to  their  descend- 
ants, or,  in  other  words,  are  hereditary.  But,  in  addition 
to  the  inherited  properties,  new  characters  may  arise  in  a 
smaller  or  larger  number  of  the  descendants  of  a plant 
which  were  not  possessed  by  the  parent-plants.  The  char- 
acters which  arise  in  single  descendants  are  often  only 
individual,  i.  e.,  they  are  not  again  transmitted  to  their 
descendants.  When  a new  character  is  transmitted  by 
inheritance  to  new  generations,  new  constant  forms  are 
developed  ; such  new  constant  forms  are  termed  varieties. 
If  the  plant  were  not  equal  to  the  calls  upon  it — if  it  were 
unfit  for  the  situation  in  which  it  was  placed, — it  would 
have  become  extinct  as  so  many  plants  have  done.  The 
very  existence  of  a plant  is  the  best  proof  of  its  organi- 
zation, being  perfect  in  regard  to  the  functions  it  has 
to  fulfil,  and  its  adaptation  to  external  influences.  If 
these  change  to  any  great  degree,  it  must  either  change  in 
accordance  or  cease  to  exist. 

A species  may  be  defined  as  a group  of  individual  plants, 
which  breed  together  freely  and  reproduce  their  like; 
therefore  it  follows  that  all  the  individuals  of  a species  now 
living,  or  which  have  lived,  has  descended  from  a few 
common  ancestors,  or,  perhaps,  from  a single  pair.  The  late 
Mr.  Darwin  proved,  by  an  overwhelming  array  of  evi- 
dence, and  a connected  chain  of  irresistible  argument, 
that  every  group  of  allied  species  has  descended  from  a 
few  common  ancestors.  This  is  the  origin  of  species  by 
descent  with  modification,  or,  in  other  words,  by  evolution. 
The  natural  causes  by  which  the  change  from  one  spe- 
cies to  another  was  brought  about,  is  termed  natural 
selection. 
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Genera  are  assemblages  of  nearly  related  species,  agree- 
ing with  one  another  in  general  structure  and  appearance. 

The  ideas — variety,  species,  genus — are  abstract  ideas, 
and  indicate  a progressive  scale  of  the  difference  between 
individuals,  which  is  small  in  the  variety,  larger  in  the 
species,  and  still  larger  in  the  genus.  It  is,  therefore, 
difficult,  and  to  a certain  extent  impossible,  to  define  what 
amount  of  differentiation  is  necessary  in  order  to  classify 
two  different  but  similar  forms  as  species  rather  than 
varieties.  “ As  there  is  no  difference  but  in  degree  be- 
tween a variety  and  a species,  between  a species  and  a 
genus,  between  a genus  and  order,  all  disputes  as  to  the 
precise  grade  to  which  a group  really  belongs  are  vain” 
{Balfour).  From  experience  we  learn  that  a fertile  sexual 
union  can  not  only  take  place  between  individuals  of  the 
same  species,  but  also  between  plants  which  are  specifi- 
cally distinct.  A union  of  this  kind  is  termed  Hybridisa- 
tion, and  its  product  a Hybrid.  According  as  the  union 
takes  place  between  different  varieties  of  one  species, 
different  species  of  one  genus,  or  between  two  sj)ecies 
belonging  to  different  genera,  the  resulting  hybrid  may  be 
termed  variety  hybrid,  species  hybrid,  or  genus  hybrid. 

Nomenclature. 

Nomenclature  deals  with  the  naming  of  plants  as  mem- 
bers of  the  vegetable  kingdom.  Since  the  time  of  Linnmus, 
the  primary  rule  in  botanical  nomenclature  is  that  every 
plant  shall  have  a double  name,  compounded  of  a sub- 
stantive and  an  adjective,  or  a substantive  used  adjectively, 
whereof  the  former  indicates  the  genus,  and  the  latter  the 
species.  The  names  are  usually  derived  from  Latin  or 
Greek,  the  most  general  languages  of  science,  as  they  en- 
sure to  all  plants  names  which  have  universal  acceptance, 
aud  which  are  equally  understood  by  botanists  of  all  na- 
tions. They  are  moreover  more  definite  and  precise  in 
their  signification  than  ordinary  vernacular  names.  _ Gene- 
ric names  have  been,  and  are  still,  formed  arbitrarily,  and 
without  any  general  recognized  principle  ; a large  propor- 
tion of  modern  generic  names  are  formed  from  woi’ds 
indicating  some  obvious  external  peculiarity  or  some  pro- 
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perty  possessed  by  the  plants,  as  for  instance,  Sagittaria, 
from  their  arrow-shaped  leaves ; Rubia,  from  the  plants 
yielding  a red  dye.  Generic  names  are  sometimes  also 
founded  on  proper  names  of  persons  to  whom  the  genera 
are  dedicated.  Mr.  C.  B.  Clarke  lately  named  a new  genus 
of  the  Cucurbitacese,  Edgaria,  from  Mr.  Edgar,  Commis- 
sioner of  Patna.  Specific  names  are  usually  selected  on 
similar  grounds  to  the  generic  ones,  and  when  they  are 
adjectives,  must  of  course  be  made  to  agree  in  gender 
with  their  generic  substantives.  Since  the  conception  of 
a genus  and  of  a species  is  defined  arbitrarily  according 
to  the  individual  view  of  each  botanist,  it  has  come  to 
pass  in  the  course  of  time,  that  one  and  the  same  plant 
has  received  several  specific  and  generic  names,  or  that 
the  same  name  has  been  given  to  different  plants.  In 
order  to  distinguish  clearly  the’  particular  plant  meant,  it 
is  usual  to  append  to  its  name,  the  name  of  the  botanist 
who  first  described  it,  or  referred  it  to  the  genus  in  ques- 
tion : thus  for  instance,  Opuntia  Dillenii,  Haworth,  and 
Cactus  indicus,  Roxburgh,  is  one  and  the  same  plant  des- 
cribed by  Roxburgh  in  his  Flora  Indica,  2,  p.  475.  Calotro- 
pis  gigantea,  Robert  Brown,  is  described  in  Roxburgh’s 
Flora  Indica,  2,  p.  30,  under  the  name  Asclepias  gigantea. 

For  the  purpose  of  obtaining  a general  view  of  the  enor- 
mous number  of  plants,  and  their  relationships  to  one 
another,  it  is  necessary  to  group  the  allied  genera  into 
families  or  orders , and  the  orders  agreeing  in  evident  and 
important  general  characters  into  classes ; several  classes 
form  a sub-kingdom,  and  the  group  of  sub-kingdoms  con- 
stitutes the  vegetable  kingdom. 

Systems  of  Classification. 

“ There  are  two  systems  pursued  in  the  arrangement  of 
plants  ; one  is  called  the  Artificial  method,  and  the  other 
the  Natural  method.  In  both  of  them  the  genera  and 
species,  or  the  minor  divisions,  are  the  same,  but  the 
higher  divisions  of  classes  and  orders  are  totally  unlike, 
and  are  founded  on  entirely  different  principles.  The 
genera  and  species  are  very  differently  arranged  in  the 
two  systems.  In  artificial  methods  one  or  two  organs  are 
selected  in  an  arbitrary  manner,  and  they  are  taken  as  the 


80 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


means  of  forming  classes  and  orders  ; while  in  the  natural 
method  plants  are  grouped  according  to  their  alliance  in 
all  their  important  characters.  Plants  belonging  to  the 
same  class  and  order  in  the  former  system  may  have 
nothing  in  common  except  the  number  of  the  stamens  and 
carpels,  or  the  form  of  their  flowers,  or  some  other  arbi- 
trarily selected  character ; while  in  the  latter,  jflants  in 
the  same  class  and  order  are  related  by  true  affinity,  and 
correspond  in  all  the  essential  points  of  their  structure 
and  organization.  When  a student  knows  the  artificial 
class  and  order  to  which  a plant  is  to  be  referred,  he  does 
not  thereby  become  acquainted  with  its  structure  and 
properties  ; plants  diametrically  opposed  in  these  respects 
may  be  associated  together.  When  he  determines,  on  the 
other  hand,  the  place  of  a plant  in  the  natural  system,  he 
necessarily  acquires  a knowledge  of  its  structural  relations 
and  affinities.  Hence  a knowledge  of  the  latter  sj^stem  is 
that  which  must  be  the  aim  of  every  botanical  student  ” 
{Balfour). 

Many  artificial  systems  were  in  vogue  at  different  times, 
but  the  best  was  the  sexual  system  of  Linnaeus,  which 
bases  its  principle  of  classification  on  the  essential  or 
sexual  organs  of  plants ; for  this  reason  his  system  is 
called  the  sexual  system.  Roxburgh’s  Flora  Indica,  the  best 
complete  book  on  the  description  of  Indian  plants,  is 
arranged  in  accordance  with  the  Linnsean  System. 

The  Linnaian  System. 

In  the  artificial  system  of  Linnaeus,  plants  are  divided 
into  flowering  and  flowerless,  the  latter  being  included  in 
his  twenty-fourth  class,  under  the  name  of  Gryptogamia, 
and  the  former,  or  Phanerogamia,  being  divided  into 
twenty-three  classes,  the  characters  of  which  are  founded 
on  the  number,  the  insertion  or  position,  the  relative 
length,  and  the  connection  of  the  stamens.  The  term 
andria  is  employed  to  express  the  male  organ  or  stamen ; 
the  number  of  stamens  is  indicated  by  the  Greek  numerals 
being  prefixed  to  the  term  andria. 

In  the  first  eleven  classes,  the  number  of  free  stamens 
forms  the  basis  of  classification ; the  length  of  the  stamens 
is  immaterial,  excepting  the  4th  and  6th  classes,  in  which 
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they  must  be  all  of  equal  length ; the  12th  and  13th 
classes  have  both  indefinite  stamens,  but  the  mode  of  their 
insertion  is  taken  into  account;  in  the  14th  and  15th,  the 
number  and  unequal  length  of  the  stamens  forms  the 
distinction;  in  the  16th,  17th,  18th,  and  19th  classes, 
Linmeus  included  those  plants  in  which  the  stamens  are 
coherent ; in  the  20th,  those  in  which  the  stamens  are 
adherent  to  the  pistil ; the  21st,  22nd,  and  23rd  classes 
include  plants  with  unisexual  flowers.  Each  of  these 
classes  comprise  several  orders;  in  the  first  thirteen 
classes,  the  character  of  the  order  depends  on  the  number 
of  carpels,  or  on  the  number  of  styles  and  stigmas ; the 
term  gynia  is  applied  to  them  (meaning  female  or  pistil) 
with  the  prefix  of  a Greek  numeral,  as  Monogynia,  Digy- 
nia,  &c. ; the  14th  and  15th  classes  have  each  two  orders 
distinguished  by  the  character  of  their  fruit ; the  orders 
in  the  16th,  17th,  and  18th  classes  are  distinguished  by 
the  form  of  cohesion  of  the  stamens  ; the  19th  class  is 
divided  into  five  orders  according  to  the  sex  of  the  florets 
contained  in  the  same  capitulum ; in  the  20th,  21st,  22nd, 
and  23rd  classes,  the  orders  are  formed  according  to  the 
number  and  position  of  the  stamens;  the  24th  class  Linnaeus 
divided  according  to  their  natural  relationship  into  four 
orders : — ls£,  ferns  ; 2nd,  mosses  ; 3rd,  algae ; 4 th,  fungi. 

Linnean  Classes. 

1st  Class. — Monandria  : one  free  stamen  in  a hermaphro- 
dite flower,  as  in  Marantacese  and  Zingiberaceae  (in 
Marantaceae,  the  stamen  is  lateral ; in  Zingiberaceae, 
posterior). 

2nd  Class. — Diandria  : two  free  stamens  in  a hermaphro- 
dite flower,  as  in  Jasminaceae,  some  Acanthaceae  (Eran- 
themum  and  Justicia),  and  a few  Piperaceae. 

3rd  Class.  Triandria  : three  free  stamens  in  a herma- 
phrodite flower,  as  in  most  Gramineae,  Cypereae. 

4 th  Class. — Tetrandria : four  free  stamens  of  equal  length 
in  a hermaphrodite  flower,  as  in  some  Itubiaceae,  Gen- 
tianaceae,  Ampelideae,  Onagraceae. 

oth  Class. — Pentandria:  five  free  stamens  in  a hermaphro- 
dite flower,  as  in  Convolvulaceae,  Solanaceae,  Apocvna- 
ceae,  Linaceae.  1 > 

5 a 


80  b 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


6tli  Class. — Ilexandria  : six  free  stamens  of  equal  length 
in  a hermaphrodite  flower,  as  in  Bambusa,  Oryza,  in 
Amaryllidaceae,  Liliacese,  Palmeae,  &c. 

7th  Class. — Ilcptandria  : seven  free  stamens  in  a herma- 
phrodite flower,  as  in  Saraca  indica  (Ashak). 

8 tk  Class. — Octandria : eight  free  stamens  in  a hermaphro- 
dite  flower,  as  in  Mimusops  elengi  (Bokul),  Lawsonia 
(Mendi),  Cardiospennum  lialicacabum  (Shibjhool). 

9 th  Class. — Enneandria:  nine  free  stamens  in  a herma- 
phrodite flower,  as  in  the  Lauraceae  (Cassyta,  Akash 
balli),  Anacardium  occidentale  (Hijili  badam). 

10 th  Class. — Decandria : ten  free  stamens  in  a hermaphro- 
dite flower,  as  in  Caesalpinieae  (Poinciana  pulcherrima, 
Krishnachurd.),  Oxalidaceae  (Oxalis  corniculata,  Am- 
rool),  Combrotaceae  (Terminalia  catappa,  Badam). 

11  th  Class. — Dodccandria : twelve  to  nineteen  free  stamens 
in  a hermaphrodite  flower,  as  in  Portulaca,  Euphorbia. 

12 th  Class. — Icosandria  : twenty  or  more  free  stamens  in- 
serted on  the  calyx  of  a hermaphrodite  flower,  as  in 
Cactus,  in  Myrtaceae  (Psidium,  Guava),  Rosaceae. 

13 th  Class. — Polyandria : twenty  or  more  free  stamens  in- 
serted on  the  receptacle  of  a hermaphrodite  flower,  as 
in  Miinoseae,  Nymphaeaceae,  Anonacece,  Papaveraceae, 
&c. 

14 th  Class. — Didynamia  (superiority  of  two) : two  long 
and  two  short  free  stamens  in  a hermaphrodite  flower. 
Order  I — Gymnospermia  (naked  seeded),  as  in  Labiatse 
and  Boraginacese. 

Order  II-  Angiospermia  (covered  seeded),  as  in  Acan- 
thacese,  Verbenaceae,  Orobanchacese,  Scrophulari- 
acese,  Pedaliaceae,  &c. 

15 th  Class. — Tetradynamia  (superiority  of  four) : four  long 
and  two  short  free  stamens  in  a hermaphrodite  flower. 
Order  I — Siliculosae  : Ex.,  Candytuft. 

Order  II — Siliquosse  : Ex.,  Mustard. 

1 6tli  Class. — M onadelphia  (single  brotherhood) : stamens 
coherent  into  a tube  in  a hermaphrodite  flower,  as  in 
Malvaceae,  Sterculiaceae,  Meliaceae,  &c. 

17 th  Class. — Diadelphia  (two  brotherhoods) : stamens  co- 
herent into  two  bundles  in  a hermaphrodite  flower, 
as  in  many  Leguminosae. 
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18 th  Class. — Polyadelphia  (many  brotherhoods)  : stamens 
coherent  into  three  or  more  bundles  in  a hermaphro- 
dite flower,  as  in  Aurantiaceae,  Hypericacese. 

19 th  Class. — Syngenesia  (growing  together),  polygamia  : 
anthers  coherent,  flowers  inserted  on  a capitulum. 

Order  I — Potygamia  aequalis  (flowers  all  equal).  All 
the  florets  perfect,  and  of  the  same  shape.  Example  : 
Vern  on  ia  ( Koksim ). 

Order  II — Polygamia  superflua  (some  flowers  super- 
fluous). Disk-florets  perfect ; ray-florets  pistillate  ; 
all  forming  seed.  Example:  Zinnia  Crysanthemum. 
Order  III — Polygamia  frustranea  (some  flowers  neuter). 
Like  the  last,  except  that  the  ray-florets  are  barren. 
Example:  Centaurea  Helianthus. 

Order  IV — Polygamia  necessaria  (central  and  marginal 
flowers  necessary  for  perfect  seed).  Disk-florets 
staminate  ; ray -florets  pistillate.  Example  : Calen- 
dula (Ganda). 

Order  V — Polygamia  segregata  (flowers  separated). 
Florets  perfect,  each  floret  with  an  additional  catyx, 
or  involucre.  Example  : Echinops  (Hincha). 

20 th  Class. — Gynandria  (male  and  female  organs) : one 
or  more  stamens  adherent  to  the  pistil,  as  in  Orchi- 
deae. 

21s£  Class. — Moncecia  (living  togethei’) : flowers  unisexual, 
staminate,  and  pistillate  flowers  on  the  same  plant, 
as  in  many  Aroidese,  Artocarpacese  (Ficus),  Euphorbia- 
ceae,  and  many  Cucurbitaceae,  &c. 

22ncZ  Class. — Dicecia  (living  apart):  flowers  unisexual, 
staminate,  and  pistillate  flowers  on  distinct  plants, 
as  in  Vallisneria,  Cannabis  sativa,  Carica  Papaya, 
Trewia  nudiflora,  Borassus  flabelliformis,  &c. 

23?’cZ  Class  — Polygamia  (many  marriages)  : staminate,  pis- 
tillate, and  hermaphrodite  flowers,  on  the  same  plant, 
as  in  Semecarpus  anacardium. 

24 th  Class. — Flowerless  plants  : 

Order  I — Ferns  (see  Fig.  92 aa). 

Order  II — Mosses  (see  Fig.  92 bb). 

Order  III — Algae  (see  Fig.  92cc). 

Order  IV— Fungi  including  • lichens  (see  Figs.  92 dd 
and  92ee). 
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Fig.  9266. 


A moss  (Hypnum)  shewing  the  leafy  por- 
tion (sexual  generation;  and  fruit-like  struc- 
ture (a  sexual  generation)  in  which  the 
spores  are  formed. 


Fig.  92ec. 
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Fig.  92 dcL 


A fungus  (Mushroom) : the  root-iike  structure  is  termed 
mycelium ; the  stem  and  cap  form  the  sexual  generation. 

Fig.  92ee. 


A lichen  (Parmelia)  with  a portion  of  the  bark  of  the 
tree  from  which  it  was  taken ; in'  the  hollow  cup-like 
structures  are  formed  the  spores. 

The  terra  Gymnospermia,  used  in  the  14th  class,  was 
founded  on  the  erroneous  idea  that  the  fruit  of  Lahiatae, 
&c.,  which  are  in  reality  achenes,  were  naked  seeds. 
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Analytical  method  of  ascertaining  the  name  of  a plant 
from  Roxburgh’s  Flora  Inclica. 
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1. — Stamens  in  number  from  I to  19;  see  1st  1 1 
classes. 


2. — Stamens  20  or 
more. 


1.  — Didynamia 

2,  — Tetradynamia 


1.  — Stamens  periey- 
nous  Icosandria. 

2.  — Stamens  bypogy- 
nous  Polyandria. 


1 .  — Gynmospermia , 
fruit  aohencs. 

2. —Angiospermia, 
fruit  capsular. 

I — Siiiculosce,  fruit 
a silicula. 

2 . — Siliquosce,  fruit 
a siliqua. 


1— Filaments  cohering 


2, — Anthers  cohering 


r i.-3 
..  2.-1 
(.  3.  1 


— Monadelphia. 
Diadelphia. 
olyadelphia. 


3. — Male  and  female  organs  adhering. 


1. — On  the  same  plant 

2.  — On  distinct  plants 


Syngonesia. 


Gynandria. 


Monceoia. 

OitBcia. 


Polygamia;  not  given  in  Roxburgh’s  Flora  Indies. 


For  Ferns,  consult  Hooker  and  Baker’s  Synopsis  Filicium. 

Mosses  ] Not  desoribed  in  Roxburgh’s  Flora  Indies,  Carey’s  Edition,  reprinted 
by  C.  B.  Clarke  in  1874. 


Alga; 

Fungi 
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The  Natural  System. 

In  arranging  plants  according  to  the  natural  system,  the 
object  is  to  bring  together  those  which  are  allied  in  all 
essential  poiats  of  structure. 

The  system.  of  Jussieu,  is  now  the  basis  of  all  natural 
classifications.  The  system  followed  by  De  Candolle  is  a 
modification  of  that  of  Jussieu,  and  it  is  adopted  more  or 
less  at  the  present  day.  Since  De  Candolle’s  time,  various 
modifications  )f  his  system  have  been  introduced  by  Endli- 
cher,  Lindley  Bentham,  and  Hooker.  According  to  this 
classification,  ,he  vegetable  kingdom  is  divided  into  two 
great  sub-kingdoms — Plianerogamia  and  G nypiogamia ; the 
former  having  flowers  containing  anthers  and  ovules,  the 
latter  being  dsstitute  of  them.  Plianerogamia  are  divided 
into  : 1st,  Aigiospermia  (seeds  covered) ; 2nd,  Gymnos- 
permia  (seers  naked).  The  Angiospermia  are  distin- 
guished from  the  Gymnospermia  by  the  following  charac- 
ters : 1st — th<  ovules  are  produced  in  the  interior  of  a 
structure  (oury)  formed  by  the  cohesion  of  carpellary 
leaves ; 2nd— the  endosperm  is  formed  after  fertilization 
at  the  same  time  as  the  embryo  ; 3rd — the  contents  of 
the  pollen  gains  do  not  divide.  In  the  Gymnosper- 
mia,  on  the  other  hand, — ls£,  the  ovules  are  not  enclosed 
in  an  ovary;  2nd,  the  endosperm  arises  before  fertiliza- 
tion; and  3d,  the  pollen  grains  are  divided  before  the 
formation  o the  pollen  tube.  Angiosperms  are  again 
divided  into. wo  classes — Dicotyledons  and  Monocotyledons. 

The  follodng  abstract  shows  at  a glance  the  positions 
occupied  b\  the  principal  groups  of  plants  in  the  veget- 
able kingdtn  : — 
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( Dicotyledons  : Ex.,  Man- 
f Angiospermia  < goe-trees. 

Phaneropmia  (flower-J  Monocotyledons:  Ex., 

iugplat).  )n  I Palm-trees. 

VVjymnospermia  Lx..  Comferae,  Pine-trees. 

i Filicinese  : Ex.,  Ferns. 
Vascular  Cryp-  J Equisetace®  : Ex.,  Horse 
togams.  n1  s 


Cryptopmia  ( n o n - ( Muscineae 
floweng  plant). 


) tails 
Dichotomi : 

Mosses. 

Mosses  : Liverworts. 


Ex.,  Club 


[ Algae  : Ex.,  Seaweeds. 

Tballophyta  ..."  Fungi : Ex.,  Mushrooms 
( and  Lichens. 
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Dicotyledons. 

In  dicotyledons,  the  first  leaves  of  the  embryo  form  a 
whorl  of  two  (or  are  opposite) ; the  endosperm  is  very  often 
rudimentary,  often  enti rely  absorped  by  the  rapid  growth 
of  the  embryo  before  the  ripening  of  the  seed.  Instead 
of  the  two  opposite  cotyledons,  a whorl  of  three  is  not 
unfrequently  formed  in  those  plants  which  iormally  pos- 
sess only  two,  as  Phaseolus,  Amygdalus.  fhe  opposite 
cotyledons  are  usually  alike  in  form  and  vigour;  in  Trapa, 
however,  one  remains  much  smaller  than  the  other.  Most 
often  the  cotyledons  lie  with  their  inner  face  flat  against 
one  another,  but  are  not  unfrequently  folded  or  wrinkled, 
and  curved  backwards  and  forwards,  as  in  Cqivolvulaceae ; 
less  often  they  are  rolled  spirally  round  one  aiother. 

The  cotyledons  which  become  exposed  to  the  light  usually 
increase  rapidly  in  size,  and  constitute  the  first  foliage 
leaves  of  the  plant,  which  are  of  simple  form  as  in  Cucur- 
bitacese,  Convolvulacese,  &c.  The  further  development  of 
the  young  plant  may  take  place  by  the  rapid  enlargement 
of  the  primary  axis  of  the  embryo.  When  tb  axis  of  the 
embryo  grows  vigorously,  the  primary  root  gnerally  also 
grows  vigorously  in  a downward  direction.  Ii  its  internal 
structure  the  roots  of  dicotyledons  have  at  list  the  same 
structure  and  arrangement  of  their  elements  asthe  monoco- 
tyledons. A great  difference,  however,  showsitself  in  the 
secondary  formations,  which  enable  the  roots  to  thicken 
and  even  to  form  concentric  circles  somewhat  inthe  manner 
of  the  stem,  the  only  difference  being  that  he  vascular 
bundles  of  the  stem  have  a centrifugal  growth ; while 
development  of  those  in  the  root  are  centripetp  On  this 
account  the  pith  is  less  developed  in  the  root  ban  iu  the 
stem,  and  in  many  roots  it  entirely  disappears. 

The  structure  of  the  stem  of  dicotyledons  agrees  in 
its  main  feature  with  that  of  the  Gymnooermia,  a 
class  of  a lower  type  of  organization,  but  differ?, very  con- 
siderably from  the  arrangement  of  the  stems  of  uonocoty- 
ledons. 

The  whole  of  the  tissue  of  dicotyledonous  (i  common 
with  other  vascular)  plants  is  differentiated  into  tine  clearly 
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Fig.  m- 


Section  of  a Dicotyledonous  stem,  shewing  the  Epidermal  tissue,  Fibro-vascular 
buudles,  and  Fundamental  tissue. 

marked  systems, — viz.,  the  epidermal  system,  the  funda- 
mental system,  and  the  fibro-vascular  system. 

When  a young  dicotyledonous  herbaceous  stem,  as  for 
instance,  Cucurbita  maxima,  is  cut  across,  the  fibro-vascular 
bundles  are  seen  standing  in  a circle  round  a central  mass 
of  tissue,  the  pith.  The  buudles  run  parallel  to  the  axis 
of  the  stem,  and  anastomose  freely ; a certain  number  of 
the  bundles  are  distributed  to  each  leaf. 

The  plates  of  fundamental  tissue  which  lie  between  the 
fibro-vascular  bundles,  connecting  the  pith  with  the  epi- 
dermal system,  are  termed  the  medullary  rays. 

Usually,  in  annual  stems,  and  invariably  in  woody  stems, 
a further  increase  of  thickness  takes  place  through  the 
activity  of  the  growing  (or  cambium ) layer,  situated  be- 
tween the  inner  and  outer  portion  of  the  fibro-vascular 
bundles.  The  cambium  region  in  wood  of  more  than  one 
year’s  growth  is  a continuous  mass  of  tissue  surrounding 
the  inner  (woody)  part  of  all  the  bundles;  while  the 
inner  layer  of  cortex,  next  to  the  cambium,  is  that  por- 
tion which  belongs  to  the  same  year’s  formation  as  the 
outermost  of  the  woody  rings. 

When  the  increase  in  thickness  of  a stem  ceases  periodi- 
cally, and  is  renewed  with  each  new  period  of  vegeta- 
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tion,  a layer  of  wood  is 
formed  during  each  period 
of  growth,  which  is  more  or 
less  sharply  marked  off  from 
that  of  the  preceding  and  of 
the  following  year,  and  is 
called  an  annual  ring  of  the 
wood  (see  Fig.  92 gg).  These 
annual  rings  are  usually  dis- 
tinctly visible  to  the  naked 
eye,  because  the  mass  of 
wood  formed  in  the  early 
part  of  each  period  of  vegetation  has  usually  a different 
appearance  from  that  formed  at  a later  period. 

The  leaves  of  dicotyledons  exhibit  a greater  variet}r, 
both  in  their  position  and  form,  than  those  of  all  other 
classes  put  together.  The  venation  of  the  foliage  leaves  is 
formed  by  the  ramnification  and  anastomosis  of  the  libro- 
vascular  bundles  running  through  the  fundamental  tissue 
of  the  leaf  itself.  Adventitious  buds  are  rare  in  dicotyledons, 
as  they  are  in  the  Phanerogamia  generally;  those  which  are 
commonly  formed  in  the  indentations  of  the  margins  of 
the  leaves  of  Bryophyllum  calycinum  are  well-known, 
and  serve  to  propagate  the  plant. 

In  the  great  majority  of  dicotyledons  the  members  of  the 

flowcrai'c  arranged  in  whorls, 
which  are  generally  four  in 
number — calyx,  corolla,  an-  < 
droecium,  and  gynseceum(see 
Fig.  92 ltlt) ; only  in  a com- 
paratively small  number  of 
families  are  the  floral  leaves 
arranged  spirally,  as  Ranun- 
culacese,  Magnoliaceae,  Nym- 
phaeaceae,  and  Nelumbiaceae. 
The  flowers  are  usually  pen- 
tamerous,  less  often  tetra- 
merous.  Dimerous  combina- 
tions, as  in  some  Onagraceae, 
and  trimerous,  as  in  Anonaceae,  Menispermaceae,  Magnolia- 
ceae,  and  Aristolocheaceae,  are  much  less  common. 


Fie.  92 hh. 


Floral  diagram  of  a di- 
cot5’ledonous  flower,  shewing 
the  4 whorls  of  organs. 


Fig.  9 2 <7 <7. 


Section  of  a Dicotyledonous 
stern,  shewing  the  annual 
rings  of  the  wood. 
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DICOTYLEDONS. 


80  k 


Abstract  of  the  Principal  Dicotyledonous  Cohorts. 


'Ranales:  Ex.,  Naravelia. 
Parietales  : Ex.,  Poppy. 
Polygalalas : Ex.,  Polygnla. 
Tlialamiflorae  ...  ^ Caryophyllales : Ex.,  Por- 
tulaca. 

Guttiferales  : Ex.,  Tea. 
Malvales  : Ex.,  Hibiscus. 


fApopetalae 

(Polypetalae). 


y Disiflo  rse 


^Calyciflorae 


{Geraniales  : 
Celastrales  : 
Sapindales  : 


Ex.,  Orange. 
Ex.,  Vine. 
Ex.,  Litelii. 


r Rosales  : Ex.,  Rose. 

1 Myrfcales  : Ex.,  Guava. 

...  < Passiflorales  : Ex.,  Melon. 
J Ticoiriales  : Ex.,  Cactus. 
V.Umbellales  : Ex.,  Pauax. 


'Infer® 

-■  Gamopetalae  ...  •> 

..Super® 


{Rubeales  : Ex.,  Ixora. 
Asterales  : Ex..  Zinnia. 
Campanulales : Ex., Lobelia. 


f Ericales  : Ex.,  Rhododen- 
| dron. 

| Primulales  : Ex.,  Plumbago. 
| Ebenales  : Ex..  Sapota. 

...  -{  Gentianales  : Ex.,  Yinca. 
Polemomales  ; Ex.,  Potato. 
Lamiales  : Ex.,  Tulsi. 
.Personales  : Ex.,  Eignonia. 


,rIn  ferae 

Llncompletae  ...  < 


.Super® 


Santalales  : Ex.,  Lorantlius. 
Quernales  : Ex.,  Oak. 
Asarales  : Ex.,  Aristolocbia. 


'Piperales:  Ex.,  Betel. 

Eupborbiales  : Ex.,  Coral 
plant. 

Amentales  : Ex.,  Casuarina. 

, Urticales  : Ex.,  Jack-tree. 

] Dapbnales  : Ex.,  Grevillea. 

Laurales : Ex.,  Camphor- 
tree. 

Clienopodiales : Ex.,  Mira- 
bilis. 
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Abstract  of  Dicotyledonous  Orders. 

Division  I — Apopetalce  ( Polypetalce ). 

Petals  free  or  very  slightly  united. 

Series  I—  Tiialamiflor/E. 

Calyx,  corolla,  and  stamens  usually  free,  and  springing 
directly  from  the  thalamus ; pistil  superior. 

Cohort  I — Uanales. 

Stamens  indefinite  (except  in  Menispermacese  and  Ber- 
beridacem) ; carpels  free  or  immersed  in  the  receptacle, 
very  rarely  syncarpous  (as  in  some  Dilleniacese,  Nym- 
phmacem,  and  Anona) ; micropyle,  usually  inferior ; embryo 
minute,  in  a fleshy  endosperm  or  perisperm. 

Order  I,  Ranunculacece. — Herbs  with  alternate  or 
climbing  shrubs,  with  opposite  leaves,  with  mostly  alter- 
nate exstipulate  leaves  and  acrid  juice;  stamens  indefinite; 
ovules  anatropous;  fruit  a collection  of  achenes,  a circle  of 
follicles,  or  a one  or  more  seeded  berry ; seed  exarillate ; 
embryo  straight.  Example  : Naravelia  zeylanica  (Chha- 
gai-bati). 

Order  II,  Dilleniacece. — Trees  or  shrubs,  generally  with 
alternate  leathery  feather-veined  leaves ; calyx  persistent, 
5-merous,  imbricated;  seeds  arillate.  Example:  Dillenia 

speciosa  (Chalita). 

Order  III,  Magnoliacece. — Trees  or  shrubs,  with  fragrant 
3-merous  imbricated  flowers;  the  leaf-buds  mostly  with 
membranous  stipules;  seeds  often  suspended  by  a long 
funiculus,  endosperm  homogeneous.  Example:  Michelia 
champaca  (Champd). 

Order  IV,  Anonacece. — Trees  or  shrubs,  with  alternate 
entire  exstipulate  leaves;  flowers  trimerous  ; corolla  usually 
valvate  in  the  bud  ; stamens  with  enlarged  connective,  en- 
dosperm ruminated.  Examjfle  : Anona  squamosa  ( Ata), 

Order  V,  Menispermacece. — Climbing  shrubs,  with  alter- 
nate exstipulate  leaves,  aud  usually  dioecious  trimerous 
flowers;  stamens  definite,  superposed  to  the  petals ; fruit 
of  three  to  many  1-seeded  drupes.  Example  : Tinospora 

cordifolia  (Gulaucha). 
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Order  VI,  Berberidacece. — Shrubs  or  herbs,  with  stamens 
superposed  to  the  petals  ; anthers  opening  by  valves. 

Order  VII,  Nymphceacece. — Aquatic  plants  with  cordate 
or  peltate  floating  leaves,  and  large  conspicuous  flowers ; 
the  partially  petaloid  sepals  and  numerous  petals,  and 
stamens  imbricated  in  several  rows;  pistil  syncarpous. 
Example : Nymphsea  lotus. 

Order  VIII,  Nelumbiacece. — Large  aquatic  plants,  with 
peltate  leaves,  raised  above  the  water,  on  long  stalks ; 
stamens  indefinite ; carpels,  embedded  in  separate  cavities 
of  the  enlarged  thalamus  ; seeds  with  endosperm.  Example  : 
Nelumbium  speciosum  (Pudma). 

Cohort  II — Pcirietales. 

Stamens  definite  or  indefinite,  carpels  usually  united 
into  a unilocular  ovary,  with  parietal  placentation. 

Order  I,  Papaveracece. — Herbs  with  milky  juice  ; alter- 
nate exstipulate  leaves  and  regular  flowers ; sepals  cadu- 
cous; stamens  indefinite.  Example:  Papaver  somniferum. 

Order  II,  Fumaricicece. — Herbs  with  watery  juice  ; flow- 
ers irregular  ; sepals  2,  caducous  ; petals  4,  dissimilar  ; six 
diadelphous,  or  four  distinct  stamens.  Example  : Fumaria 
parviflora  (Bansbalpha). 

Order  III,  Cruciferce. — Herbs  with  a pungent  watery 
juice ; petals  4 ; stamens  tetradynamous  ; fruit  a siliqua, 
or  silicula  ; seeds  without  endosperm.  Example  : Rapha- 
nus  sativus  (Mfila). 

Order  IV,  Oapparidacece. — Herbs,  shrubs,  or  trees,  with 
alternate  leaves  ; sepals  and  petals  usually  4 ; stamens 
indefinite,  or,  if  six,  not  tetradynamous ; ovary  usually 
stalked  ; seeds  reniform,  without  endosperm.  Example  : 
Gynandropsis  pentaphylla  (Kanula). 

Order  V,  Resedacece. — Herbaceous  plants,  with  alternate 
leaves  and  unsymmetrical  racemose  or  spiked  flowers ; 
stamens  definite,  inserted  on  a fleshy  one-sided  disk ; 
fruit  usually  1 -celled,  opening  at  the  top  before  the  seeds 
are  ripe.  Example  : Mignonette. 

Order  VI,  Bixacece. — Trees  or  shrubs,  with  alternate 
simple  leaves  and  hermaphrodite  or  unisexual  flowers  ; 
stamens  indefinite ; ovary  usually  1 -cel led  ; seeds  numer- 
ous, endospermic.  Example : Bixa  Orellana  (Latkan). 
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Order  VII,  Violacece. — Herbs  or  shrubs,  with  alternate, 
usually  stipulate,  leaves,  and  irregular  hermaphrodite 
flowers ; sepals,  petals,  and  stamens  5 ; the  connective 
of  the  anther  usually  prolonged ; ovary  1 -celled,  with 
three  parietal  placentas ; seeds  endospermic.  Example  : 
Violet. 

Order  VIII,  M oringacece. — Trees  with  alternate  com- 
pound stipulate  leaves  and  irregular  flowers;  stamens 
arising  from  a perigynous  disk  ; the  1-celled  capsular  fruit 
pod-like,  with  three  parietal  placentas.  Example : Moringa 
pterygosperma  (Sujina). 

Cohort  III — Polygalales. 

Plants  with  exstipulate  leaves ; flowers  regular  or  irre- 
gular ; calyx  imbricated ; sepals  and  petals  usually  5 ; 
stamens  as  many,  or  twice  as  many,  as  the  petals ; ovary 
usually  2-celled  ; endosperm  fleshy. 

Order  I,  Polygalacece. — Herbs,  shrubs,  or  trees,  with 
alternate  simple  exstipulate  leaves  and  irregular  herma- 
phrodite flowers  ; stamens  4 to  8,  diadelphous  or  monadel- 
phous ; anthers  opening  by  pores.  Example : Polygala 
arvensis  (Meradu). 

Cohort  IV — Caryophyllales. 

Flowers  regular  ; calyx  imbricated  ; sepals  and  petals  2 
to  5,  rarely  0 ; stamens  usually  as  many  or  twice  as  many ; 
ovary  1-celled,  with  generally  free  central  placentation  ; 
ovules  campylotropous  ; embryo  curved  in  a floury  endos- 
perm. 

Order  I,  Oaryophyllacece. — Herbs  with  opposite  entire 
leaves,  stems  swollen  at  the  joint ; flowers  symmetrical,  4 
to  5-merous  ; stamens  definite  ; ovary  1-celled,  with  a free 
central  placenta ; embryo  curved  round  the  mealy  endos- 
perm. Example  : Dianthus  chinensis  (Pink). 

Order  II,  Portulacacece. — Succulent  herbs ; sepals  2 ; 
petals  mostly  5 ; stamens  generally  indefinite;  capsule  1- 
celled,  with  a free  central  placenta  ; embryo  curved  round 
the  mealy  endosperm.  Example : Portulaca  meridiana 
(Luniya). 

Order  III,  Tamaricacece. — Trees  or  shrubs,  with  alter- 
nate scale  like  leaves  and  flowers,  in  close  spikes  or 
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racemes;  calyx  4 to  5-parted,  persistent;  stamens  definite; 
capsule  3-valved,  1 -celled,  with  central  placentation.  Ex- 
ample : Tamarix  Indica  (Jhau). 

Cohort  V — Guttiferales. 

Trees  or  shrubs,  rarely  herbs ; flowers  regular ; sepals 
and  petals  usually  4 to  5,  imbricated  in  the  bud  ; stamens 
generally  indefinite  ; ovary  one  to  many  celled,  with  central 
placentation. 

Order  I,  Guttiferce. — Trees  or  shrubs  with  resinous  juice, 
and  opposite  leathery  leaves ; flowers  unisexual  or  polyga- 
mous ; sepals  imbricated,  in  two  or  more  decussating  pairs  ; 
stamens  often  indefinite ; ovary  superior,  one  to  many 
celled  ; stigmas  sessile  ; seeds  without  endosperm.  Exam- 
ple : Calophyllum  Inophyllum  (Sultana  champa). 

Order  II,  Hypericacece. — Herbs  or  shrubs,  with  opposite 
entire  dotted  leaves ; flowers  hermaphrodite  ; stamens  poly- 
adelphous ; fruit,  a capsule  with  septicidal  dehiscence ; 
seeds  numerous,  without  endosperm.  Example : Hyperi- 
cum chinense. 

Order  III,  Dipteraceae. — Large  trees  abounding  in  resi- 
nous juice,  with  alternate,  penni-nerved,  stipulate  leaves; 
calyx  5-lobed,  imbricated,  unequal,  persistent ; fruit  1-celled, 
surrounded  by  the  enlarged  calyx,  which  forms  winged 
appendages.  Example  : Shorea  robusta  (Sal). 

Order  IV,  Ternstrcemiacece. — Trees  or  shrubs,  with 
alternate,  leathery,  simple,  exstipulate  leaves ; flowers 
hermaphrodite,  rarely  unisexual ; stamens  indefinite  ; ovary 
many  celled ; seeds  few,  sometimes  arillate ; endosperm 
little  or  none.  Example  : Thea  chinensis  (Tea). 

Cohort  VI — Mcdvales. 

Plants  with  alternate,  usually  stipulate,  leaves ; flowers 
mostly  regular ; calyx  valvate  ; sepals  and  petals  5,  rarely 
2 to  4;  ovary  two  or  many  celled,  with  central  placentation. 

Order  I,  Malvaceae. — Herbs  or  shrubs,  with  alternate  sti- 
pulate leaves  and  regular  flowers  ; calyx  valate,  and  corolla 
convolute  in  aestivation ; stamens  numerous,  monadelphous, 
with  1-celled  anthers.  Example:  Hibiscus  rosa-sinensis 
(Javd). 
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Order  II,  Sterculiacece. — Trees,  shrubs,  or  herbs,  with 
alternate  simple  or  compound  leaves,  and  free  deciduous 
stipules  ; calyx  valvate  ; stamens  monadelphous,  with  2-cell- 
ed  anthers.  Example:  Sterculia  fcetida  (Jangli-badam ). 

Order  III,  Tiliacece. — Trees,  shrubs,  or  herbs,  with  usually 
alternate  simple  stipulate  leaves  and  regular  flowers  ; calyx 
valvate ; stamens  indefinite,  free  or  very  slightly  united 
with  2-celled  anthers.  Example:  Corchorus  olitorius  (Pat). 

Senes  II — Discifloide. 

Sepals  distinct  or  united  ; petals  distinct;  disk  conspicu- 
ous, free  or  adnate  ; stamens  usually  definite,  inserted  with- 
in, upon,  or  at  the  edge  of  the  disk ; ovary  superior. 

Cohort  I — Geraniales. 

Flowers  generally  irregular,  with  an  annular  disk ; ovary 
multicarpellary,  syncarpous,  with  one  or  two,  rarely  more, 
ovules  in  each  carpel ; radicle  superior. 

Order  I,  Geraniacece. — Herbs  or  shrubs,  with  articulat- 
ed swollen  joints  and  membranous  stipules  ; leaves  aromatic ; 
flowers  5-merous  ; stamens  mostly  10  ; carpels  5,  supported 
on  a carpophore,  from  which  they  separate,  when  ripe,  by 
the  elastic  segments  of  the  style.  Example  : Pelargonium. 

Order  II,  Linctcece. — Herbs  or  shrubs,  with  simple  alter- 
nate undivided  leaves  without  stipules ; flowers  mostly 
5-merous  throughout ; calyx  imbricated ; stamens  coherent 
at  the  base ; styles  distinct ; capsule  many  celled,  each 
loculus  divided  by  a false  septum  from  the  dorsal  suture. 
Example:  Linum  usitatissimum  (Tisi). 

Order  III,  Oxalidacece. — Herbs,  rarely  shrubs,  with 
alternate  compound  leaves  and  regular  symmetrical  5-mer- 
ous flowers ; stamens  10,  somewhat  monadelphous ; styles 
distinct ; calyx  imbricated  ; corolla  convolute.  Example  : 
Oxalis  corniculata  (Amrfil). 

Order  1 V,  Malpighiacece—  Climbing  shrubs,  with  oppo- 
site entire  stipulate  leaves  ; calyx  glandular  ; petals  clawed  ; 
stamens  mostly  10 ; carpels  usually  3,  often  winged ; ovules 
solitary,  pendulous ; seeds  without  endosperm.  Example  . 
Hiptage  Madablota. 

Order  V,  Zygophyllacece—  Herbs  or  shrubs,  with  opposite 
stipulate  compound  leaves ; flowers  on  axillary  peduncles; 
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stamens  free,  8 to  10,  often  with  a scale  at  the  base.  Ex- 
ample : Tribulus  terrestris  (Gokhur). 

Order  VI,  Rutacece.  — Usually  trees  or  shrubs,  with 
simple  or  compound  exstipulate  leaves,  dotted  with  aroma- 
tic glands  ; flowers  regular  ; stamens  as  many,  or  twice  as 
many,  as  the  petals  ; fruit  dry,  frequently  bursting  when 
ripe.  Example  : Ruta  angustifolia. 

Order  VII,  Aurcintiacece. — Trees  or  shrubs,  with  smooth, 
translucently  glandular,  alternate,  exstipulate  leaves,  with 
the  blade  mostly  jointed  to  the  petiole ; stamens  with 
flattened  filaments ; petals  imbricated,  deciduous ; fruit 
succulent ; seeds  without  endosperm.  Example  : Orange, 
Lemon. 

Order  VIII,  Meliacece. — Trees  or  shrubs,  with  alternate 
pinnate  exstipulate  leaves ; flowers  in  panicles ; stamens 
definite,  monadelphous,  or  rarely  free ; anthers  sessile  in 
the  orifice  of  the  tube ; ovary  free  ; style  1.  (The  Cedrelese 
are  distinguished  from  other  Meliacese,  chiefly  by  the  free 
stamens  and  the  numerous  winged  seeds.)  Example  : Aza- 
dirachta  indica  (Nim). 

Order  IX,  Simarubacece . — -Trees  or  shrubs,  with  a bitter 
bark;  alternate,  exstipulate,  usually  compound  leaves  desti- 
tute of  glands ; flowers  unisexual ; stamens  generally  with 
a scale  at  the  back  of  the  filaments ; fruit  of  4 to  5 drupes 
round  a common  torus.  Example  : Quassia  amara. 

Order  X,  Burseracece. — Trees  or  shrubs,  with  resinous 
juice,  and  alternate  compound  leaves;  ovules  in  pairs ; fruit 
hard,  dry,  and  indehiscent.  Example  : Boswellia  serrata 
(Sdlai,  Laban). 

Cohort  II — Celastrales. 

Trees  or  shrubs,  rarely  herbs,  usually  with  undivided 
leaves;  flowers  regular,  hermaphrodite;  stamens  generally 
as  many  as  the. petals,  perigynous,  or  inserted  on  the  disk, 
at  the  bottom  ol  the  calyx;  ovary  usually  entire,  with  one 
or  two  seeds  in  each  cell ; radicle  inferior. 

Order  I,  Celastracece. — Trees  or  shrubs,  with  mostly 
simple  alternate  leaves ; calyx  and  corolla  imbricated ; 
stamens  as  many  as  the  petals,  and  alternate  with  them. 
Example : Celastrus  paniculata. 

Order  II,  Rkamnacece. — Trees  or  shrubs,  with  alternate 
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simple  leaves  and  small  regular  flowers  ; stamens  perigynous, 
as  many  as  the  petals,  and  superposed  to  them.  Example : 
Zizyphus  jujuba  (Byar,  Kul). 

Order  III,  Ampelidece. — Shrubs  with  watery  juice  and 
jointed  stems,  usually  climbing  by  tendrils  ; petals  4 to  5, 
valvate,  caducous  ; stamens  as  many  as  the  petals,  and 
superposed  to  them,  springing  from  a disk,  surrounding  the 
ovary.  Example  : Vine  (Angur). 

Cohort  III — Sapindales. 

Trees  or  shrubs,  mostly  with  compound  leaves  ; flowers 
often  irregular  and  unisexual ; calyx  often  adnate  to  the 
disk  ; stamens  usually  definite,  perigynous,  or  adnate  to  the 
disk ; ovary  usually  3-celled,  with  one  or  two  ovules  in 
each  cell ; seeds  usually  without  endosperm  ; embryo  often 
curved,  or  convoluted,  with  inferior  radicle. 

Order  I,  Sapindacece. — Trees  or  shrubs,  rarely  herbs, 
with  alternate  pinnate  leaves  and  small  flowers,  often  arrang- 
ed in  panicles ; stamens  commonly  8,  often  anisomerous ; 
ovary  2 to  3-celled,  and  lobed  with  generally  two  ovules  in 
each  cell ; seeds  without  endosperm ; embryo  frequently 
curved,  or  convoluted.  Example  : Litchi. 

Order  II,  Anacardictcece. — Trees  or  shrubs  with  resinous 
juice;  flowers  small;  stamens  alternate  with  the  petals; 
ovary  usually  1-celled ; ovules  solitary  and  pendulous ; 
fruit  commonly  drupaceous ; seeds  without  endosperm. 
Example  : Semeearpus  anacardium  (Bhela). 

Series  III — Calyciflor/e. 

Flowers  usually  with  a calyx  and  corolla  ; sepals  usually 
cohering,  often  adnate  to  the  ovary;  petals  distinct,  peri- 
gynous or  epigynous  ; disk  adnate  to  the  base  of  the  calyx  ; 
the  stamens  perigynous  or  epigynous  ; ovary  frequently 
inferioi’. 

Cohort  I — Rosales. 

Trees,  shrubs,  or  herbs,  with  usually  hermaphrodite  regu- 
lar or  irregular  flowers ; carpels  one  or  more,  generally  free  ; 
styles  one,  or,  if  more,  distinct. 

Order  1,  Leguminosce. — Herbs,  shrubs,  or  trees,  usually 
with  alternate  compound  leaves,  and  irregular,  often  papi- 
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lionaceous,  or  regular  flowers ; stamens  1 0,  sometimes 
indefinite,  diadelphous,  monadelphous  or  distinct ; cai'pel 
solitary ; seeds  almost  always  without  endosperm.  Example : 
Crotalaria  juncea  (San). 

Order  II,  Rosacece. — Herbs,  shrubs,  or  trees,  with  usually 
alternate  stipulate  leaves  and  regular  flowers ; stamens 
numerous,  springing  from  the  calyx  ; ovary  of  one  or  more 
free,  or  afterwards  uniting,  carpels ; seeds  one  or  few  in  each 
ovary,  without  endosperm.  Example : Rose. 

Order  III,  Oonnarcicece. — Trees  or  shrubs,  with  alternate 
compound  leaves  and  regular  flowers ; stamens  definite ; 
ovaries  1 to  5,  usually  5 ; 2-ovulate  fruit  mostly  reduced 
to  1 ; 1-seeded  follicle.  Example  : Rourea  (Sukarthunti). 

Order  IV,  Orassulacece. — Succulent  herbs,  with  per- 
fectly regular  flowers;  carpels  opposite  the  petals,  often 
with  a glandular  scale,  at  the  base  outside,  distinct  or  more 
or  less  coherent ; seeds  very  small,  with  fleshy  endosperm. 
Example : Bryophyllum  calycinum. 

Order  V,  Droseracece. — Mostly  glandular  hairy  herbs, 
with  regular  hermaphrodite  flowers  ; flower  stalks  circinate  ; 
ovary  free  with  parietal  placentas;  seeds  endospermic.  Ex- 
ample : Aldrovanda  vesiculosa  (Malaka-jhanji). 

Order  VI,  Saxifragacece. — Herbs,  shrubs,  or  trees,  with 
alternate  or  opposite  simple  leaves  ; stamens  4 to  10,  spring- 
ing from  the  calyx ; ovary  more  or  less  inferior  ; carpels  of 
the  ovary  united,  usually  2;  seeds  numerous  containing 
endosperm.  Example : Saxifraga  ligulata. 

Cohort  II — Myrtales. 

Trees,  shrubs,  rarely  herbs,  with  simple,  generally  entire, 
leaves;  regular,  usually  hermaphrodite  flowers;  and  a syn- 
carpous,  generally  inferior,  ovary  ; styles  united  ; placenta- 
tion  usually  axile. 

Order  1,  Myrtcicece. — Trees  or  shrubs,  with  usually  oppo- 
site entire  glandular  leaves  ; calyx  and  corolla  imbricated  ; 
stamens  generally  numerous ; ovary  inferior,  with  axile 
placentation ; seeds  usually  indefinite,  without  endosperm. 
Example:  Psidium  pomiferum  (Peyara). 

Order  II,  Mela-stomacece. — Herbs  or  shrubs,  with  opposite 
entire,  usually  3-nerved,  leaves ; corolla  twisted  ; stamens 
definite,  with  remarkable  appendaged  anthers  bursting  by 
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pores  at  the  apex.  Example : Melastoma  malabathricum 
(Baraphutika). 

Order  III,  Lythracece. — Herbs,  shrubs,  or  trees,  with 
mostly  opposite  entire  leaves,  and  no  stipules ; calyx  val- 
vate  ; petals  corrugated  ; stamens  definite  ; ovary  free  ; seeds 
numerous,  without  endosperm.  Example:  Lawsonia  inermis 
(Mendi ). 

Order  IV,  Onagracece. — Herbs  or  shrubs,  with  usually 
4-merous  flowers  ; calyx  valvate  ; corolla  convolute  ; stamens 
definite;  ovary  2 to  4-celled,  inferior;  seeds  numerous. 
(Trapa  is  exceptional  in  having  a 1 -seeded  ovary.)  Ex- 
ample : Trapa  bispinosa  (Pani-phul). 

Order  V,  tihizophoracece. — Trees  or  shrubs,  with  opposite 
stipulate  leaves  ; calyx  valvate  ; petals  often  fringed;  sta- 
mens definite;  ovary  more  or  less  adherent ; seeds  aperis- 
permic,  germinating,  and  forming  a long  root  before  the 
fruit  falls  from  the  tree.  Example  : Rhizophora  mucronata 
(has  not  fringed  petals). 

Order  VI,  Combretacece. — Trees  or  shrubs,  with  opposite 
or  alternate  simple  leaves ; stamens  mostly  10 ; ovary 
inferior,  1-cclled,  with  pendulous  ovules;  seeds  with- 
out endosperm.  Example : Quisqualis  Indica  (Rangoon 
creeper). 


Cohort  III — Passijlorales. 

Mostly  twining  or  climbing  herbs,  with  regular  unisexual 
or  hermaphrodite  flowers ; and  a syncarpous  unilocular 
ovary,  with  parietal  placentation  ; sometimes  3-celled  by 
the  inflexion  of  the  placenta. 

Order  I,  Passifioracece. — Herbaceous  plants,  climbing 
by  tendrils;  flowers  hermaphrodite,  numerous;  filamentous 
processes  springing  from  the  tube  of  the  corolla;  stamens 
5,  mouadelphous ; ovary  1 -celled,  superior.  Example  : 
Passion-flower. 

Order  II,  Cucurbitacece. — Succulent  herbaceous  plants, 
prostrate  or  climbing  by  tendrils ; flowers  monoecious  or 
dioecious ; stamens  from  3 to  5,  often  united  by  their  sinu- 
ous anthers  ; ovary  inferior,  3-celled  ; seeds  without  endos- 
perm. Example : Melon  (Khurbuj). 

Order  III,  Begoniacece. — Succulent  herbs  with  alternate 
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leaves,  often  oblique  at  the  base ; flowers  monoecious ; 
perianth  of  two  to  many  segments,  not  differentiated  into 
calyx  and  corolla ; stamens  indefinite ; ovary  inferior, 
3-celled.  Example  : Begonia. 

Order  IV,  Papciyacece. — Are  trees  or  shrubs,  sometimes 
with  an  acrid  milky  juice;  alternate,  palmatifid,  long-stalked 
leaves,  and  unisexual  flowers ; ovary  free,  1-celled  ; seeds 
endospermic.  Example  : Carica  Papaya  (Pepiya). 

Cohort  IY — Ficoidcdes. 

Succulent  herbs,  with  regular  flowers,  bearing  numerous 
imbricated  petals,  and  unilocular  syncarpous  ovaries,  with 
usually  parietal  placentas. 

Order  1,  Cactacece. — Mostly  prickly  leafless  plants,  with 
fleshy  and  thickened  stems,  of  peculiar  aspect ; flowers 
conspicuous,  solitary  sessile ; the  members  of  the  calyx  and 
corolla  generally  alike,  and  imbricated  in  numerous  rows, 
adherent  to  the  1-celled  ovary,  with  parietal  placentas  ; 
stamens  indefinite.  Example:  Opuntia  Dillenii  (Nag- 
phena). 

Order  II,  Ficoidece. — Herbs  or  shrubs,  often  succulent, 
with  inconspicuous  flowers;  calyx-lobes  usually  4—5,  dis- 
tinct from  the  petals.  Example  : Mollugo. 

Cohort  V — Umbellales. 

Plants  with  usually  hennaphrodite  flowers,  arranged  in 
umbels;  stamens  generally  definite  ; ovary  inferior;  ovules 
solitary,  pendulous  ; seeds  endospermic. 

Order  I,  Umbelliferce. — Herbs,  usually  with  fistular 
stems,  and  alternate  exstipulate  leaves,  sheathing  at  the 
base,  generally  deeply  divided ; flowers  in  umbels  ; stamens 
5,  epigynous ; styles  2 ; carpels  2,  separating  when  ripe, 
dry,  iudehiscent.  Example  : Hydrocotyle  Asiatica  (Tlial- 
kuri). 

Order  II,  Araliacece. — Trees,  shrubs,  or  herbs,  with 
alternate  simple  or  compound  leaves ; petals  and  stamens 
epigynous ; styles  usually  more  than  2 ; fruit,  three  or 
several  celled,  usually  succulent,  with  one  endospermic 
seed  in  each  cell.  Example  : Pan  ax  fruticosa. 

Order  III,  Cornacece. — Are  mostly  shrubs  or  trees,  with 
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opposite  simple  exstiputale  leaves  ; flowers  4 to  5-merous  ; 
ovary  1 to  2-celled  ; style  1 ; fruit  drupaceous.  Example : 
Aucuba  Japonica. 

Division  II — Gamopetalce. 

Plants  having  both  calyx  and  corolla,  the  latter  gamo- 
petalous ; stamens  mostly  epipetalous,  rarely  free  ; pistil, 
usually  syncarpous. 

Series  I — Ovary  usually  inferior,  stamens  isomerous,  with 
(rarely  fewer  than)  the  lobes  of  the  corolla. 

Cohort  I — Rubiales. 

Shrubs  or  trees,  rarely  herbs,  with  opposite  or  verticil- 
late,  often  stipulate,  leaves  ; flowers  regular  or  irregular ; 
stamens  epipetalous,  as  many  as  the  corolla  lobes  ; ovary  2, 
many  celled. 

Order  I,  Rubiacece. — Herbs,  shrubs,  or  trees,  with  oppo- 
site entire  leaves,  and  interpetiolar  stipules,  or  with  verti- 
cillate  leaves ; calyx  adherent  to  the  2 to  4-celled  ovary; 
stamens  as  many  as  the  lobes  of  the  regular  corolla,  epi- 
petalous ; seeds  endospermic.  Example : Ixora  coccinea 
(Rangan). 

Order  II,  Caprifoliacece. — Are  mostly  shrubs,  with  oppo- 
site exstipulate  leaves;  stamens  as  many  as  the  lobes  of  the 
usually  irregular  corolla ; ovary  1 to  G-celled ; seeds  pendu- 
lous ; endosperm  fleshy.  Example  : Honeysuckle. 

Cohort  II — Aster  ales. 

Mostly  herbs,  with  exstipulate  leaves  and  regular  or 
irregular  flowers,  often  unisexual,  collected  in  capitula; 
calyx  limb  usually  reduced  to  a pappus  ; stamens  as  many 
as  corolla  lobes,  rarely  fewer;  ovary  unilocular;  ovule 
solitary. 

Order  I,  Compositce. — Herbs  or  shrubs,  with  alternate 
or  opposite  leaves,  with  the  flowers  in  dense  heads  upon  a 
common  receptacle,  surrounded  by  an  involucre  ; stamens 
usually  5 ; anthers  syngenesious ; ovary  inferior,  1-celled, 
with  one  erect  ovule  ; seeds  without  endosperm.  Example  : 
Zinnia. 
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Order  II,  Dipsacece. — Are  herbs ; the  flowers  in  dense 
heads,  surrounded  by  an  involucre,  as  in  Composites,  each 
floret  surrounded  by  an  involucel ; stamens  4 ; anthers  dis- 
tinct; ovary  1-celled,  with  one  pendulous  ovule;  seeds 
endospermic.  Example  : Dipsacus  sylvestris. 

Order  III,  V alerianacece. — Are  herbs,  with  opposite  sim- 
ple or  compound  leaves,  and  no  stipules  ; calyx  limb  obso- 
lete, or  forming  a pappus  ; stamens  1 to  5,  distinct ; seeds 
pendulous,  without  endosperm.  Example : Nardostachys 
Jatamansi. 

Cohort  III — Ccimpanulales. 

Mostly  herbs,  with  exstipulate  leaves,  and  often  milky 
juice  ; flowers  usually  irregular ; stamens  usually  free  from 
corolla ; ovary  generally  from  2 to  6-celled  ; ovules  numer- 
ous, rarely  solitary. 

Order  I,  Ccimpanulacece. — Herbs  with  milky  juice, 
alternate  leaves,  and  regular  flowers ; stamens  5,  mostly 
distinct ; ovary  2 to  5-celled  ; seeds  with  fleshy  endosperm. 
Example : Campanula  capensis. 

Order  II,  Lobeliacece. — Are  herbs  or  shrubs,  with  alter- 
nate leaves,  milky  juice,  and  irregular  flowers;  stamens  5, 
syngenesious ; ovary  inferior,  1 to  3-celled ; seeds  endosper- 
mic. Example  : Lobelia  triangulata. 

Series  II — Ovary  usually  superior. 

Section  I — Flowers  generally  regular. 

Cohort  IV — Erica (es. 

Herbs,  shrubs,  or  trees,  with  simple  alternate  leaves ; 
stamens  as  many,  or  twice  as  many,  as  the  corolla  lobes, 
hypogynous  or  epipetalous ; anthers  opening  by  terminal 
chinks  or  pores. 

Order  I,  Ericaceae. — Are  mostly  shrubs,  with  regular 
flowers;  anthers  appendaged,  opening  by  pores;  ovary 
superior.  Example  : Rhododendron. 

Order  IT,  Vacciniacece. — Differ  from  the  Ericaceae  in 
having  inferior  ovaries. 

Cohort  V — Primulalcs. 

Herbs  or  shrubs,  with  exstipulate,  usually  alternate, 
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leaves  ; stamens  equal  in  number  to  the  corolla  lobes,  and 
opposite  to  them;  ovaries  unilocular,  with  free  central 
placentation. 

Order  1,  Plumbaginacece. — Herbs  or  shrubs  with  regular 
5-merous  flowers ; the  five  stamens  superposed  to  the  petals 
or  lobes  of  the  corolla ; ovary  1-celled  with  live  styles  ; 
ovule  solitary.  Example  : Plumbago  zeylanica  (Chita). 

Order  II,  Myrsinacece. — Trees  or  shrubs,  with  alternate 
simple  leaves  and  regular  flowers  ; stamens  4 to  5,  opposite 
lobes  of  corolla ; ovary  1-celled,  with  free  central  placen- 
tation. Example : Ardisia  humilis  (Banjam). 

Cohort  VI — Ebenales. 

Trees  or  shrubs,  with  alternate  exstipulate  leaves ; sta- 
mens more  numerous  than  the  corolla  lobes;  ovary  bi-  or 
multi-locular  ; ovules  usually  few. 

Order  I,  Ebenaceae. — Trees  or  shrubs,  with  alternate 
entire  leaves  and  regular  dioecious  flowers,  with  numerous 
stamens.  Example  : Diosp}u-os  embryopteris  (Gab). 

Order  II,  istyracece. — Trees  or  shrubs,  with  simple  alter- 
nate leaves  ; and  usually  hermaphrodite  flowers  ; stamens 
numerous,  epipetalous  ; ovary  2-celled,  1-seeded.  Example  : 
Symplocos  racemosa  (Lodh). 

Order  III,  Sapotacece. — Trees  or  shrubs,  with  alternate 
entire  leaves  and  milky  juice;  flowers  regular,  hermaphro- 
dite ; stamens  superposed  to  the  lobes  of  the  corolla,  alter- 
nate with  scales  or  sterile  stamens.  Example : Mimusops 
clengi  (Bakul). 

Cohort  VII — Gentianales. 

Herbs,  shrubs,  or  trees,  usually  with  opposite  or  verti- 
cillate  exstipulate  leaves ; stamens  generally  equal  in  num- 
ber to  the  corolla  lobes;  ovary  mostly  syncarpous  and 
bilocular. 

Order  I,  Oleacece. — Trees  or  shrubs,  often  with  twining 
stems ; leaves  mostly  opposite;  stamens  2;  ovary  2-celled, 
with  1 to  4 ovules  in  each  cell.  Example : Jasmine. 

Order  II,  Apocynacece. — Trees  or  shrubs,  often  twining 
or  climbing,  with  eutire,  mostly  opposite,  exstipulate  leaves  ; 
flowers  regular,  5-merous  ; corolla  twisted  in  the  bud  ; sta- 
mens 5,  alternate  with  corolla  lobes  ; pollen  granular ; ovary 
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usually  2-celled,  composed  of  two  carpels,  coherent  in  the 
ovarian  and  stylar  region,  and  quite  blended  in  the  dumb- 
bell shaped  stigma.  Fruit  syncarpous  or  apocarpous  ; seeds 
often  comose.  Example  : Yinca  rosea  (Galphiringi). 

Order  III,  Asclepictdacece. — Shrubs  or  herbs,  often  twin- 
ing, with  milky  juice  and  opposite  entire  exstipulate  leaves  ; 
dowers  regular,  5-merous;  stamens  5 ; stigmas  forming  a 
5-angled  fleshy  head,  to  which  the  anthers  are  adherent ; 
pollen  coherent  into  wax-like  or  granular  masses  ; carpels 
2,  usually  distinct  in  the  ovary,  united  in  the  stigmas. 
Example  : Calotropis  gigantea  (Alcan  da). 

Order  I V,  Loganiacece.- — Trees,  shrubs,  or  herbs,  with 
opposite  entire  leaves  and  interposed  stipules  ; flowers 
regular  ; stamens  as  many  as,  and  alternate  with,  the  corolla 
lobes  ; ovary  superior,  usually  2-celled.  Example  : Strychnos 
nux  vomica  (Kuchila). 

Order  V,  Gentianacece. — Herbs  with  bitter  juice  and 
opposite  entire  exstipulate  leaves,  or  aquatic  plants  with 
floating  leaves ; flowers  regular,  with  a persistent  calyx ; 
stamens  as  many  as,  and  alternate  with,  the  lobes  of  the 
corolla ; ovary  1 -celled,  with  two  parietal  placentas  and 
indefinite  ovules.  Example  : Exacum  tetragonum  (Kuchari). 

Cohort  Yin — Polemonicdes. 

Herbs,  or  shrubs,  rarely  trees,  with  usually  alternate 
exstipulate  leaves  ; stamens  as  many  as  the  corolla  lobes  ; 
ovary  syncarpous,  1 to  5 -celled ; seeds  mostly  numerous. 

Order  I,  Solanacece. — Herbs,  shrubs,  or  sometimes  trees, 
with  alternate  exstipulate  leaves,  and  regular  or  slightly 
irregular  5-merous  flowers,  often  extra  axillary  ; stamens  5, 
as  many  as,  and  alternate  with,  the  corolla  lobes  ; corolla 
plaited  in  aestivation ; ovary  2-celled  ; seeds  numerous, 
endospermic  ; embryo  curved.  Example  : Solanum  tubero- 
sum (Potato). 

Order  II,  Polemoniacece. — Herbs  or  shrubs  with  altei’nate 
or  opposite  leaves,  and  regular  5-merous  and  5-androus 
flowers ; the  lobes  of  the  corolla  usually  contorted  in  aesti- 
vation ; ovary  3-celled,  with  three  styles  ; seeds  endospermic ; 
embryo  straight.  Example  : Polemonium  caeruleum. 

Order  III,  Convolvulacece.  — Chiefly  herbs,  twining  or 
trailing,  with  alternate  leaves,  and  regular  5-androus 
flowers;  calyx  imbricated;  the  funnel-shaped  corolla  indu- 
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plicate  or  plaited  in  the  bud ; ovary  2 to  4-celled,  with  one 
or  two  ovules  in  each  cell ; emrbyo  large,  curved,  (Cuscuta  is 
a leafless  parasite.)  Example : Ipomoea  bona-nox  (Kalmi-lata). 

Order  IV,  Boraginacece. — Mostly  herbs,  with  alternate 
rough  leaves,  a scorpioid  inflorescence,  and  symmetrical 
flowers  ; stamens  5,  epipetalous ; ovary  deeply  4-lobed,  sur- 
rounding the  gynobasic  style.  Example : Heliotropium 
Indicum  (Hatsunl). 

Order  V,  Hydrophyllacece. — Herbs  with  alternate  leaves 
and  scorpioid  inflorescence ; ovary  1-celled,  with  parietal 
placentation. 

Section  II — Flowers  very  irregular. 

Cohort  IX — Lamiales. 

Herbs,  shrubs,  or  trees,  with  exstipulate  leaves  and 
bilabiate  flowers;  stamens  usually  fewer  than  the  lobes 
of  the  corolla,  generally  didynamous,  rarely  2 ; ovary 
2 to  4-ccdled ; style  simple ; ovules  mostly  solitary. 

Order  I,  Labiatce. — Herbs,  rarely  shrubs,  with  square 
stems,  opposite  aromatic  leaves,  and  irregular  flowers ; 
stamens  didynamous  or  diandrous  ; ovary  deeply  4-lobed, 
surrounding  the  gynobasic  style.  Example  : Ocimum  basi- 
licum  (Tulsi). 

Order  II,  Verbenacece. — Herbs,  shrubs,  or  trees,  with 
opposite  or  alternate  leaves  and  irregular  flowers ; stamens 
didynamous  ; ovary  entire,  2 or  4-celled ; style  terminal. 
Example  : Siphonanthus  Indicus  (Btimunhati). 

Cohort  X — Personates. 

Herbs,  rarely  shrubs  or  trees,  with  exstipulate  leaves  and 
bilabiate  flowers  ; stamens  usually  fewer  than  the  corolla 
lobes,  and  didynamous,  rarely  only  2 ; ovary  generally  1 to 
2-celled ; style  simple ; ovules  mostly  numerous ; fruit  a 
capsule. 

Order  I,  Scrophulariacece. — Chiefly  herbs,  with  opposite 
or  alternate  leaves  and  irregular  flowers ; corolla  imbricated  ; 
stamens  didynamous  or  diandrous,  springing  from  the  tube 
of  the  corolla  ; ovary  2-celled  ; fruit  a 2-celled,  usually  many- 
seeded  capsule.  Example  : Lindenbergia  ruderalis  (Haldi 
basanta). 

Order  II,  Utricidariacece. — Herbs  growing  in  water  or 
wet  places;  flowers  with  a 2 dipped  personate  spurred 
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corolla ; stamens  2,  ovary  1 -celled,  with  a free  central 
placenta.  Example  : Utricularia  stellaris  (Bara  jhanji). 

Order  III,  Orobanchacece. — Fleshy  parasitical  herbs,  des- 
titute of  green  foliage,  with  purplish  flowers  ; stamens  didy- 
namous ; ovary  1-celled,  with  2 to  4-paxietal  placentas ; 
embryo  rudimentary.  Example  : Orobanche  Indica. 

Order  IV,  Gesneracece — Are  herbs  or  shrubs,  often  epi- 
phytic ; corolla  usually  tubular  ; ovary  inferior  or  superior, 
1-celled,  with  2-lobed  parietal  placentas.  Example  : Gloxinia 
speciosa. 

Order  V,  Bignonicicece. — Usually  woody,  rarely  herba- 
ceous plants,  often  twining  or  climbing,  with  exstipulate, 
usually  compound,  leaves;  flowers  irregular;  corolla  trumpet- 
shaped ; stamens  didynamous  or  diandrous  ; ovary  2-celled  ; 
seeds  numerous,  winged,  without  endosperm.  Example : 
Bignonia  suaveolens  (Patalx). 

Order  VI,  Sesamacece  or  Pedcdiacece. — Herbs  with  oppo- 
site leaves  and  irregular  flowers  ; stamens  fewer  than  coixdla 
lobes  ; seeds  generally  wingless.  Example  : Sesamum  Indi- 
cum  (Til). 

Order  VII,  Acanthacece. — Hei’bs  or  shrubs  with  opposite 
simple  exstipulate  leaves ; flowers  irregular,  bracteated  ; 
stamens  didynamous  or  diandrous ; ovary  2-celled,  with 
two  or  more  ovules  in  each  cell ; fruit  a 2-celled  capsule  ; 
seeds  without  endosperm,  usually  flat,  supported  by  hooked 
or  cup-shaped  projections  of  the  wood  or  hardened  placentas. 
Example : Ruellia  longifolia  (Kanta  kulika). 

Division  V — Apetcdce,  or  Incomplete. 

Perianth  consisting  of  only  a single  whorl  of  leaves,  or 
altogether  absent,  or  of  a double  whorl  of  sepaloid  leaves, 
rarely  of  distinct  sepals  and  petals. 

Subdivision  I — Ovary  inferior. 

Cohort  I — Santalales. 

Shrubs,  rarely  trees  or  herbs,  with  hermaphrodite  or  dicli- 
nous flowers ; ovules  usually  reduced  to  a naked  nucleus. 

Order  I,  Loranthacece. — Parasitic  shrubs,  with  opposite 
or  alternate  exstipulate  leaves ; flowers  perfect  or  diclinous ; 
stamens  4 to  8,  superposed  to  the  segments  of  the  coloured 
perianth;  ovary  inferior.  Example:  Loranthus  longiflorus 
(Bara  manda). 
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Order  II,  Santalcicece. — Herbs,  shrubs,  or  trees,  with 
entire  leaves,  stamens  superposed  to  the  lobes  of  the  peri- 
anth ; ovary  1 -celled,  with  two  to  four  ovules  suspended 
from  a free  central  placenta.  Example  : Santalum  album 
(Chandan). 

Cohort  II — Quernales. 

Trees  with  simple  or  compound  leaves ; flowers  diclinous  ; 
the  male  flowers  in  catkins  ; the  female  solitary,  or  in  spikes  ; 
perianth  green  ; fruit  1 -seeded  ; seeds  without  endosperm. 

Order  I,  Cupuliferce. — Trees  or  shrubs  with  alternate 
simple  stipulate  leaves  and  unisexual  flowers;  ovary  usually 
a 2-3-celled ; fruit  a glans.  Example  : Quercus  (Oak). 

Order  II,  Juglandacece. — Trees  with  alternate  pinnate 
exstipulate  leaves ; flowers  unisexual ; ovary  1-celled  ; fruit 
drupaceous.  Example  : Juglans  regia  (Akarot). 

Cohort  III — Asarales. 

Herbs,  or  climbing  shrubs,  with  hermaphrodite  or  dicli- 
nous flowers;  perianth  usually  colored;  fruit  inferior,  a 
capsule  or  berry  ; embryo  minute. 

Order  I,  Anstolochiacece. — Climbing  shrubs  or  low  herbs, 
with  an  irregular  or  regular  perianth  ; valvate  in  the  bud  ; 
stamens  G to  12,  more  or  less  adherent  to  the  style;  ovary 
inferior;  ovule  3 to  6-celled.  Example:  Aristolochia  Indica 
(Ishwar  mul). 

Subdivision  II — Ovary  superior. 

Cohort  IV — Pvperales. 

Plants  with  hermaphrodite  or  diclinous  flowers,  generally 
in  spikes  or  catkins  ; perianth  rudimentary ; ovary  usually 
unilocular,  with  a single  ovule. 

Order  I,  Piperacece. — Herbs  or  shrubs  with  jointed 
stems,  and  alternate  or  opposite  simple  leaves ; flowers 
achlamydeous,  dioecious,  or  hermaphrodite,  in  spikes  or 
racemes  ; ovary  1-celled,  with  a single  erect  ovule. 
Example  : Piper  betle  (Pan). 

Cohort  V — Euphorbiales. 

Plants  with  hermaphrodite  or  diclinous  flowers  ; perianth 
green  or  colored ; ovary  usually  3-celled ; ovules  one  or 
two  in  each  cell,  pendulous,  anatropous  ; fruit  one,  usually 
3-celled. 
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Order  I,  Euphorbiacece. — Herbs,  shrubs,  or  trees,  mostly 
with  milky  juice  and  usually  alternate  stipulate  leaves, 
and  monoecious  or  dioecious  flowers  ; ovary  free,  usually 
3-celled,  separating  when  ripe  into  cocci,  with  one  or  two 
pendulous  ovules  in  each  cell.  Example : Tragia  involucrata 
(Bichati). 

Cohort  VI — Amentales . 

Trees  or  shrubs  with  alternate,  usually  stipulate,  leaves  ; 
flowers  diclinous,  in  catkins,  cones  or  heads ; perianth 
absent  or  sepaloid ; ovary  1 to  2-celled ; seeds  without 
endosperm. 

Order  I,  Salicacece. — Trees  or  shrubs  with  dioecious 
flowers  arranged  in  catkins  ; perianth  rudimentary  or  none  ; 
ovary  free,  1-celled ; ovules  indefinite ; fruit  capsular. 
Example  : Salix  tetrasperma  (Pani  Jama). 

Order  II,  Oasuarinacece. — Pseudo  leafless  trees,  with 
pendulous  pointed  striated  branches ; male  flowers  in 
spikes ; female  flowers  in  strobiles ; stamen  1 ; ovary 
1-celled,  with  one  to  two  ascending  ovules.  Example : 
Casuarina  equisetifolia  (Jhau). 

Cohort  VII — Urticales. 

Plants  with  usually  diclinous  flowers  ; perianth  usually 
regular,  green  ; stamens  superposed  to  the  perianth  lobes  ; 
ovary  generally  1-celled;  ovule  solitary;  fruit  simple  or 
multiple,  an  achene  or  samara. 

Order  I,  Urticacece. — Herbs,  shrubs,  or  trees,  with  oppo- 
site or  alternate  stipulate  leaves  and  small  unisexual  flowers ; 
perianth  green,  free  from  the  1-celled  ovary  ; stamens  equal 
in  number  and  opposite  to  the  perianth  lobes,  uncoiling 
elastically ; fruit  simple — an  achene ; embryo  straight. 
Example  : Urtica  interrupta  (Lalbichati). 

Order  IT,  Artocarpacea. — Trees  or  shrubs,  rarely  herbs, 
with  milky  juice  and  alternate  stipidate  leaves  and  dicli- 
nous flowers  ; female  flowers  in  heads,  or  on  flat  receptacles  ; 
stamens  non-elastic  ; ovary  1-celled  ; embryo  straight  or 
curved;  fruit  multiple.  Example:  Artocarpus  integrifolius 
(Jack). 

Order  HI,  Cannabinacece. — This  order  is  closely  allied 
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to  Urticaceie,  but  differs  in  the  non-elastic  stamens  and  the 
curved  embryo.  Example  : Cannabis  sativa  (Gunja). 

Order  IV,  Ulmacea.  — Trees  with  watery  juice  and 
alternate  stipulate  leaves ; flowers  polygamous ; fruit  dry 
and  winged  or  drupaceous.  Example : Celtis  orientalis 
(Jiban). 

Cohort  VIII — Daphnales. 

Trees  or  shrubs  with  generally  hermaphrodite  flowers  ; 
perianth  mostly  tubular,  green  or  coloured ; ovary  usually 
1 -celled;  ovule  generally  solitary. 

Order  I,  Elceagnacece. — Small  trees  or  shrubs,  with  scaly 
leaves  and  dioecious  or  polygamous  flowers ; perianth 
tubular,  contracted  beyond  the  ovary  ; stamens  as  many  as 
the  lobes  of  the  perianth,  and  alternating  with  them  ; ovary 
1 -celled  ; seed  ascending.  Example  : Elgeagnus  conferta. 

Order  11,  Proteacea. — Trees  or  shrubs  with  hard,  dry 
exstipulate  leaves,  and  usually  hermaphrodite  flowers ; 
perianth  4-cleft,  valvate ; stamens  4,  superposed  to  the 
segments ; ovary  single,  free,  with  one  or  two,  rarely  more, 
ovules.  Example  : Grevillea  robusta. 

Cohort  IX — Laurales. 

Aromatic  trees  or  shrubs  with  diclinous  or  hermaphro- 
dite flowers ; having  a regular  green  or  coloured  perianth ; 
ovary  1-celled  ; ovule  solitary  ; embryo  straight. 

Order  /,  Lauracece. — Aromatic  trees  or  shrubs,  with  alter- 
nate simple  exstipulate  leaves,  and  usually  hermaphrodite 
flowers ; perianth  imbricated ; stamens  definite ; anthers 
opening  by  valves  ; seeds  solitary,  pendulous,  aperispermic. 
Example  : Campliora  officinarum. 

Order  II,  Myristicacece. — Aromatic  trees,  with  alternate, 
entire,  leathery, exstipulate,  dotted  leaves;  flowers  diclinous  ; 
fruit  succulent,  1-celled,  1 -seeded,  surrounded  by  an  arillus  ; 
endosperm  ruminated.  Example : Myristica  moschata 
(Jayphal). 

Cohort  X — Chenopodiales. 

Herbs  or  shrubs  with  unisexual  or  hermaphrodite  flowers, 
and  a generally  regular  green  or  coloured  perianth  ; ovary 
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1-celled;  ovule  solitary;  seeds  endospermic;  embryo  usually 
curved. 

Order  I,  Polygoncicece. — Herbs  or  shrubs  with  alternate 
simple  leaves,  and  usually  ochreacious  stipules  above  the 
swollen  joints  of  the  stem ; flowers  very  small ; ovary 
1-celled,  with  three  or  two  stigmas  ; ovule  erect,  ortho  - 
tropous ; fruit  a triangular  nut.  Example : Polygonum 
orientale  (Panimarich). 

Order  II,  Amarantacece. — Herbs  or  shrubs  with  opposite 
or  alternate  exstipulate  leaves,  and  a bracteated  inflores- 
cence ; perianth  scarious  or  coloured  ; ovary  1-celled, 
1 -seeded,  with  a curved  embryo.  Example  : Amarantus 
gangeticus  (Lal-shak). 

Order  III,  Ghenopodiacece. — Chiefly  herbs,  more  or  less 
succulent,  with  usually  alternate  exstipulate  leaves,  and 
minute  flowers,  with  a herbaceous  perianth  ; ovary 
1-celled,  1 -seeded,  with  a coiled  embryo.  Example : 
Chenopodium  album  (Chandan  betu). 

Order  IV,  Nyetaginacece. — Herbs,  shrubs,  or  trees,  with 
mostly  opposite  entire  leaves;  stem  tumid  at  the  joints; 
perianth  petaloid  ; long  lower  part  persistent,  enclosing,  and 
often  adhering  to  the  fruit ; ovary  superior,  1-celled,  1-seed- 
ed ; stamens  one  or  several,  hypogynous ; radicle  inferior. 
Example  : Mirabilis  jalapa  (Kishnokeli). 


DETAILS  OE  DICOTYLEDONOUS  ORDERS. 

Ranunculacece 

Are  hei’bs  with  alternate  or  climbing  shrubs,  with  opposite 
exstipulate  leaves  and  acrid  juice  ; calyx  and  corolla  usually 
deciduous ; stamens  indefinite  ; ovules  anatropous  ; fruit  a 
collection  of  achenes,  a circle  of  follicles,  or  a one  or  more 
seeded  berry  ; embryo  very  small ; seeds  endospermic. 

The  sepals  and  petals  inserted  on  the  thalamus,  the  in- 
definite stamens,  the  inverted  ovules,  the  apocarpous  fruit, 
and  the  presence  of  endosperm  distinguish  this  order  from 
its  nearest  allies. 

The  plants  of  this  order  are  most  abundant  in  damp,  cool 
climates. 

Clematis  Gauriana  flowers  at  the  close  of  the  wet  season 
in  the  environs  of  the  ancient  city  of  Gaur,  and  along  the 
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foot  of  the  Himalayas : the  flowers  are  small,  white.  Nara- 
velicc  zeylanica  (Cliagalbatf)  flowers  during 
the  rains,  and  is  common  in  hedges  in  most 
parts  of  India : the  dowel’s  are  of  a yellow- 
ish colour.  Ranunculus  Indicus  is  the 
only  species  of  crow’s-foot  found  in  thcplains; 
it  appears  in  marshy  places  and  on  the  banks 
of  rivers,  during  the  cold  season.  A de- 
generate variety  of  Delphinium  consolida 
(Larkspur)  is  generally  met  with  in  Indian 
gardens,  Nigella  sativa  (Kdljira)  liowers  in 
the  cold  season : the  seeds  are  procurable 
in  most  parts  of  India,  and  are  sometimes 
used  as  a substitute  for  pepper.  The  dried 
root  of  Coptisteeta  is  imported  from  Assam ; 
it  is  sometimes  used  as  a tonic.  Aconi- 
tum  napellus  is  a native  of  the  mountain- 
ous parts  of  Central  Asia,  extending  to 
Northern  India:  the  dried  roots  and  leaves 
are  used  in  medicine  as  a sedative.  Tha-  Achenensin Naravelia 
lictrum  foliolosum  is  common  throughout  zeylanica,  enlarged, 
the  temperate  Himalayas ; it  is  used  as  a tonic. 

Other  genera  are  : Anemone,  L. ; Callianthemum,  C.  A. 
mey. ; Oxygraphis,  Bunge. ; Caltha,  L. ; Calathodes,  Hf.  and 
Th. ; Trollius,  Don. ; Isopyrum,  L. ; Aquilegia,  L. ; Actsea,  L. ; 
Cimicifuga,  L. 

Sir  J.  Hooker,  in  his  Flora  of  British  India,  divides  the 
Order  Ranunculacem  into  five  tribes : — Tribe  1,  Clematidese 
(Naravelia).  Tribe  2,  Ancmoneae  (Thalictrum).  Tribe  3, 
Ranunculacete  (Ranunculus).  Tribe  4,  Hellebore®  (Coptis). 
Tribe  5,  Pseonie®  (P®onia). 

Dilleniacece 

Are  trees  or  shrubs  generally  with  alternate  leathery 
leaves  furnished  with  conspicuous  primary  veins  from  the 
midrib  to  the  margin  ; calyx  persistent;  stamens  indefinite  ; 
seeds  arillate,  with  fleshy  endosperm. 

The  commonest  tree  of  this  order  is  Dillenia  Indicct 
(Chalita),  which  has  alternate  simple  serrate  leaves  ; it  flowers 
during  the  hot  season  and  at  the  beginning  of  the  rains  ; 
the  flowers  are  handsome,  white,  and  fragrant.  The  fleshy 
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persistent  calyx  is  eaten,  it  has  an  agreeable  acid  taste. 
The  wood  of  the  tree  is  hard  and  tough.  Most  of  the  species 
of  Dillenia  are  very  handsome,  both  as  to  foliage  and  flow- 
ers, and  some  of  the  larger  kinds  yield  hard  durable  timber. 

Climbing  genera,  Delima,  L.,  Tetracera,  L.,  and  Schuma- 
cheria;  non-climbing,  Wormia,  Rottb. 


Magnoliacece 

Are  aromatic  trees  or  shrubs  with  fragrant  imbricated 
flowers ; the  sepals  and  petals  are  arranged  in  a ternary 
order;  the  leaf-buds  mostly  sheathed  with  membranous 
stipules ; stamens  indefinite  ; seeds  often  suspended  by  a long 
funiculus;  endosperm  fleshy,  homogeneous. 


Fig.  91. 


M ichelia  champaca , L, 


This  or- 
der is  easi- 
ly distin- 
g u i s h e d 
from  Dille- 
niaceie  by 
its  stipules 
and  t ri- 
me r o u s 
fl  o w e r s ; 
and  from 
Anonacese, 
by  its  im- 
bricated 
corolla,  and 
homogene- 
ous fleshy 
endosperm. 
The  best 
known  tree 
of  this  or- 
der is  Mi- 
ck el  i a 
champaca, 
L.  (Cham- 
p a),  the 
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flowers  of  which  are  excessively  fragrant,  sometimes  being 
so  oppressive  as  to  induce  headache : the  bark  is  some- 
times used  as  a tonic.  The  fruit  of  Illicium  anisatum,  a 
native  of  China,  is  used  in  this  country  in  medicine ; the 
seeds  are  aromatic.  Magnolia  Campbellii  of  Darjiling  has 
extremely  handsome  flowers,  which  appear  before  the  leaves. 

Other  genera  are  : Talauma,  Juss. ; Liriodendron,  L. ; 
Euptelea,  Sieb.  and  Zucc. ; Manglietia,  Bl. ; Schizandra, 
Mich. ; Kadsura,  Ksemp. 

In  Hooker’s  Flora  of  British  India,  this  Order  is  divided 
into  four  tribes.  Tribe  1,  Trocbodendrese  (Euptelea).  Tribe 
2,  Winterese  (Illicium).  Tribe  3,  Magnolieze  (Michelia). 
Tribe  4,  Schizandrese  (Kadsura). 

Anonacece 

Are  trees  or  shrubs  with  alternate  entire  exstipulate 
leaves ; the  sepals  and  petals  are  in  a ternary  order  ; corolla 
usually  valvate  in  the  bud ; stamens  indefinite,  with  en- 
larged connective ; endosperm  ruminated. 

The  plants  of  this  order  are  at  once  distinguished  from 
those  of  Magnoliaceae  by  the  absence  of  stipules,  the 
valvate  aestivation  of  the  corolla,  and  the  ruminated 
endosperm.  They  are  allied  to  the  Magnoliaceae  by  their 
general  aromatic  and  fragrant  properties.  The  dry  fruits 
are  mostly  aromatic  and  pungent,  and  the  succulent  kinds 
are  sweet  and  agreeable  to  the  palate. 

Anona  squamosa,  L.  (Ata),  the  custard  apple,  is  the  best 
known  plant  of  this  order  ; it  flowers  in  the  hot  season, 
the  fruit  ripening  about  July  and  August.  Anona  reti- 
culata (Nona)  is  also  frequently  met  with ; the  fruits  are 
hard  and  unpalatable.  Anona  muricata  (Fig.  95  see  next 
page),  sour  sop  of  the  West  Indies,  grows  readily  in 
Lower  Bengal ; the  flowers  are  large  yellowish  green,  and  are 
strongly  scented.  Artabotrys  odovatissimus,  R.  Br.,  is  a 
scandent  shrub,  climbing  by  means  of  hooked  peduncles  ; the 
fiowei’s  are  large,  of  a greenish  yellow  colour,  and  fragrant. 
Guatteria  longifolia  (Debdari)  is  a large  handsome  tree 
of  somewhat  slow  growth  ; the  wood  is  soft  and  white it 
flowers  about  February,  and  the  fruit  ripens  during  the  rains. 

Other  genera  are  : Uvaria,  L. ; Polyalthia,  Bl. ; Oxymitra, 
Bl. ; Goniothalamus,  Bl. ; Mitrephora,  Bl. ; Melodorum,  Dun. ; 
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Miliusa,  Leschen. ; Saccopetalum,  Benn.  Alphonsea,  Hf. 
and  Th. 

Sir  J.  Hooker  divides  the  Order  into  five  tribes  : Uvariete, 
Unoneee,  Mitrephorese,  Xylopieae  (Anona),  Miliusese. 

M enispermacece 

Are  climbing  or  twining  shrubs,  with  alternate  exstipu- 
late  leaves  and  usually  dioecious  3-merous  flowers ; stamens 


Anona  muricaia,  L. 
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definite,  superposed  to  the  petals  ; fruit  of  several  1-seeded 
drupelets ; embryo  large,  in  scanty  endosperm. 

This  order  is  readily  distinguished  from  its  nearest  allies 
Magnoliaceoe  and  Anonacese,  by  its  unisexual  flowers,  curved 
carpels,  the  absence  of  stipules,  and  its  climbing  habit. 

Tinosporci  cordifolia  (Gulancha)  is  one  of  the  commonest 
wild  plants  in  India,  every  hedge  producing  it  in  abundance ; 
it  flowers  during  the  greater  part  of  the  year ; the  male 
flowers  are  arranged  in  axillary  racemes,  females  solitary, 
very  small,  and  of  a yellowish  colour  ; the  filiform  adven- 
titious roots,  which  sometimes  attain  to  the  length  of 
30  feet,  are  peculiar;  preparations  of  the  root  and 
stem  are  used  as  a tonic  and  diuretic,  &c.  The  roots  of 
Jateorhiza  calumba,  a native  of  eastern  tropical  Africa, 
and  Cissampelos  Pareira,  a cosmopolitan  tropical  plant, 
are  used  extensively  in  India  as  tonics,  &c.  Anamirtcc 
cocculus,  the  seeds  of  which  are  employed  for  killing  fish, 
also  belongs  to  this  order.  The  structure  of  the  wood 
is  peculiar,  the  fibro-vascular  bundles  being  arranged  in 
successive  concentric  rings. 

An  exception  to  the  climbing  habit  occurs  in,  Cocculus 
laurifolms  of  the  Himalayas,  which  is  a small  erect  tree. 

The  root  of  Coscinium  fencstratum,  a native  of  the 
forests  of  Ceylon  and  Malabar,  is  sometimes  used  as  a 
substitute  for  Calumba  root  as  a tonic. 

Other  genera  are  : Aspidocarya,  Hf.  and  Th.  ; Parabiena, 
Miers  ; Tiliacora,  Coleb. ; Limacia,  Lour. ; Cocculus,  DC:; 
Pericampylus,  Miers ; Stephania,  Lour. ; Cyclea,  Arn. ; 
Lophophyllum,  Griff. ; Pycnarrhena,  Miers;  Hmmatocarpus, 
Miers. 

Hooker  divides  the  Order  into  four  tribes  : Tinosporese, 
Cocculese,  Cissampelidese,  Pachygonese. 

Berberidacece 

Are  shrubs  or  herbs  with  regular  hermaphrodite  flowers, 
with  the  very  caducous  sepals  and  petals  imbricated  in  the 
bud  ; stamens  hypogynous,  as  many  as  the  jDetals,  and  super- 
posed to  them;  anthers  opening  by  two  recurved  valves. 
The  plants  of  this  order  are  chiefly  natives  of  temperate 
and  mountainous  regions. 

Hooker  divides  the  Order  into  two  tribes : Lardiza- 
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bale®,  including  the  genera  Decaisnea,  Hf.  and  T.  ; Parvatia, 
Dene.;  Holboellia,  Wall;  and  Berbere®,  including  the  genera 
Berberis,  Linn. ; Epimedium,  Linn. ; Podophyllum,  Linn. 


Nymphceaceoe 

Are  aquatic  plants  with  cordate  or  peltate  floating  leaves, 
and  large  conspicuous  flowers.  The  partially  petaloid  sepals 
and  numerous  petals  and  stamens  are  imbricated  in  several 
rows.  Pistil  syncarpous.  There  is  a small  endosperm  in 
the  ripe  seed,  lying  in  the  much  larger  perisperm. 

This  order  is  so  anomalous  in  many  respects,  that  it  is 
difticult  to  decide  as  to  its  closest  relationships.  The 
structure  of  the  rhizomes  is  that  of  monocotyledonous 
stems ; the  habit  relates  them  to  Hydrocharidace®;  and 
the  structure  of  the  ovary  has  some  affinity  with  Alismace®  ; 
the  embryo,  however,  is  dicotyledonous.  The  ovary  ap- 
proaches the  character  of  the  Papaverace®,  and  the  leaves 
are  netted  veined. 

These  plants  are  some  of  the  commonest  over  all  parts 
of  India.  Nymphcea  lotus  being  so  well  known  as  scarcely 
Fig.  96.  to  need  descrip- 

tion ; it  blos- 
soms more  or 
less  the  whole 
year,  but  chiefly 
during  the  rains. 
Nymphcea  rub- 
ra differs  from 
the  white  varie- 

Nymphaa  lotus , L.  onl7  in  co- 

lour. Euryale 

far  ox  has  small  bluish  purple  flowers,  and  is  nearly  allied 
to  the  Victoria  regia  of  South  America,  which  has  leaves 
measuring  twelve  feet  across,  and  flowers  about  one  foot 
in  diameter,  when  expanded. 

The  seeds  and  rhizomes  contain  a quantity  of  starch,  and 
are  frequently  eaten.  The  embryo  in  these  plants  is  Very 
small,  and  is  enclosed  in  a separate  sac,  at  the  end  of  the 
copious  perisperm.  In  the  stem  the  fibro- vascular  bundles 
formed  alone  of  vessels  and  parenchymatous  cells  without 
wood,  are  quite  isolated,  destitute  of  cambium,  and  form 
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a complicated  interlacement,  closely  resembling  that  found 
in  monocotyledons. 

Other  genera  are  : Brasenia,  Schreber;  Nuphar,  L. 

Nelumbiaceoa 

Are  large  aquatic  plants  with  peltate  leaves  raised  above 
the  water  on  long  stalks ; stamens  indefinite ; carpels  dis- 
tinct, imbedded  in  separate  cavities  of  the  enlarged  thala- 
mus ; seeds  solitary,  without  perisperm  or  endosperm. 

These  plants  are  nearly  related  to  the  Nymplneacete.  They 
have,  however,  distinct  carpels  and  aperispermic  seeds. 


Fig.  97. 


Peltate  leaf  of  Nelumbium  speciosum. 
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Nelumbium  spedosum  (Padraa)  (see  Fig.  97)  grows  in 
large  tanks,  which  clo  not  dry  up  during  the  driest  season  ; 
it  tiowers  about  May,  and  the  fruit  ripens  at  the  close  of 
the  rains;  the  rhizomes,  which  contain  a quantity  of  starch, 
are  eaten  either  simply  boiled,  or  in  curries  ; the  seeds,  which 
are  also  farinaceous,  are  eaten  raw,  roasted,  or  boiled  ; and 
are  supposed  to  be  the  sacred  Egyptian  bean,  though  no 
longer  met  with  in  Egypt ; they  can,  when  kept  dry,  retain 
their  power  of  germinating  for  a longer  period  than  most 
other  seeds.  There  is  an  authentic  case  of  one  of  them,  taken 
from  an  herbarium  one  hundred  years  old,  germinating. 

The  leaves  are  sometimes  used  to  eat  off  instead  of  plates. 
The  petioles  vary  in  length  according  to  the  depth  of  the 
water,  being  always  sufficiently  long  to  admit  of  the  leaf 
being  raised  above  the  surface  of  the  water. 


Papaveracece 


Fig.  98. 


Are  herbs  with  milky  juice,  alter- 
nate exstipulate  leaves,  and  regu- 
lar flowers ; sepals  caducous ; 
stamens  indefinite  ; ovary  syncar- 
pous,  1 -celled,  with  parietal  pla- 
centas; seeds  with  oily  endos- 
perm. 

The  nearest  affinity  to  Papa- 
veracefe  is  Fumariacem  ; the  lat- 
ter have,  however,  irregular 
flowers,  diadelphous  stamens, 
and  watery  juice. 

Papaver  somniferum,  the 
opium  poppy,  is  the  most  import- 
ant plant  of  this  order.  Opium 
consists  of  the  dried  milky  juice 
obtained  from  the  unripe  cap- 
sules ; it  is  largely  cultivated  in 
Behar ; the  seeds  afford  a valu- 
able oil.  Pap  aver  rhceas,  the 
scarlet  poppy,  is  found  in  gar- 
dens all  over  India.  A rgemone 
Mexicana  (Bara-shelkanta)  has  become  domesticated  here, 


Papaver  somniferum. 
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the  yellow  flowers  of  which  are  cons]:>icuous  objects  on  every 
waste  place ; its  capsules  open  by  short  valves  or  teeth  ; 
the  seeds  are  narcotic  acrid.  ' 

Other  Indian  genera  are : Meconopsis,  Yiguier ; Cathcartia, 
Hook.  f. ; Stylophoruin,  Nuttale. 

Fumariacece 

Are  herbs  with  watery  juice ; flowers  irregular;  sepals  2, 
caducous,  with  six  diadelphous,  or  four  distinct,  stamens  ; 
seeds  endospermic.  Fwnaria  parvifiora  (Banshulpha)  is  a 
common  little  annual,  with  very  small  rose-coloured  dark 
purple-tipped  flowers,  found  on  cultivated  land  in  the  cold 
season.  Corydalis  govaniana  is  a Himalayan  plant,  the 
roots  of  which  are  sometimes  used  as  a tonic. 

Other  genera  are : Hypecoum,  Tournefort ; Hicentra, 
Borkhaus. 

Crucifer  a 

Are  herbs  with  a pungent  watery  juice;  the  petals  4, 

arranged  in  a cruciform  manner ; 

Fig  99.  sepals  4 ; stamens  tetradynamous ; 

fruit  a siliquose  or  siliculose;  seeds 
without  endosperm. 

This  order  comes  close  to  Cappa- 
ridacese  in  the  general  character  of 
the  flower  and  in  the  seeds,  but  the 
tetradynamous  stamens  at  once  dis- 
tinguish it. 

The  plan  of  the  flower  of  this  order 
is  a subject  of  considerable  contro- 
versy. The  two  lateral  sepals  are 
attached  higher  up  than  the  other 
two  ; the  four  petals  are  in  a single 
whorl.  De-Candolle  and  others  regard- 
ed the  stamens  as  normally  four,  the  pairs  being  formed  by 
chorisis.  Lindley  and  others,  on  the  other  hand,  regarded 
them  as  belonging  to  two  circles  of  four,  the  outer  ot  which 
has  always  two  stamens  abortive,  while  the  inner  pairs 
should  normally  stand  singly  before  the  four  petals  ; in  this 
case  the  glands  in  the  receptacle  are  regarded  as  abortive 
stamens. 
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The  most  recent  views  as  to  the  structure  of  the  flower 
are  those  of  Richler,  who  regarded  them  as  consisting 
of  two  anteroposterior  sepals,  two  lateral  ones,  four  petals, 
two  lateral  short  stamens,  two  anteroposterior  long  stamens, 
doubled  by  chorisis,  and  two  lateral  carpels.  The  glands 
of  the  receptacle  may  sometimes  be  regarded  as  abortive 
stamens,  or  pistils,  which  would,  if  fully  developed,  render 
the  flower  symmetrical  and  isomerous. 

The  ovary  is  considered  to  be  composed  of  two  carpels, 
with  a spurious  dissepiment. 

This  order  is  very  natural,  and,  as  usually  happens  in 
such  cases,  the  genera  are  very  difficult  to  define.  It  has 
but  few  representatives  in  India,  being  most  abundant 
in  temperate  and  cold  climates. 

Sinapis  dichotoma  (Sarsha),  Sinapis  glauca,  and  Sinapis 
ramosa  (Rae)  are  largely  cultivated  in  the  cold  season  on 
account  of  the  oil  of  their  seeds.  The  fruit  ripens  about 
February.  The  oil  of  glauca  and  ramosa  are  largely  used  as 
an  ingredient  in  food ; the  oil  of  Sinapis  dichotoma  is  fre- 
quently used  by  the  natives  of  this  country  to  anoint  their 
bodies  with.  Raphanus  scitivus  (MuM)  is  largely  cultivated 
on  account  of  the  more  or  less  fleshy  eatable  root.  Brassiccc 
oleracea  (Kopi),  of  which  there  are  many  varieties,  is  found 
only  in  a cultivated  state.  The  fruit  of  all  the  above- 
named  plants  is  siliquose.  The  commonest  plant  with  a 
siliculose  fruit  is  Lepidium  sativum,  cultivated  during  the 
cold  season  ; it  has  a small  white  flower.  Iberis  odordta  and 
Iberis  umbellata,  cultivated  everywhere  in  gardens,  have 
also  got  siliculose  fruit.  De-Candolle  divided  this  large 
and  very  natural  order  into  five  sub-orders,  founded  on  the 
mode  of  folding  of  the  embryo:  1st,  Pleurorhizse ; 2nd, 
Notorhizse ; 3rd,  Orthoplocm ; 4th,  Spirolobese ; and  5th, 
Diplocolobese.  Sir  J.  Hooker  divides  the  order  into  ten 
tribes,  established  on  the  character  of  the  fruit : Tribe  1, 
Arabidese,  including  the  genera  Parrya,  Nasturtium,  Barba- 
ra, Arabis,  Cardamine,  Loxostemon.  Tribe  2,  Alyssineie, 
including  the  genera  Draba,  Cochlearia.  Tribe  3,  Sisym- 
briese,  including  the  genera  Lepidostemon,  Sisymbrium, 
Eutrema,  Erysimum,  Christolea.  Tribe  4,  Camelinefe,  in- 
cluding the  genus  Braya.  Tribe  5,  Brassicese,  including 
the  genus  Brassica.  Tribe  6,  Lepidineee,  including  the 
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genera  Capsella,  Lepidium,  Dilopliia.  Tribe  7,  Thlaspideie, 
including  the  genus  Thlaspi.  Tribe  8,  Isatidem.  Tribe  9, 
Cakilinese,  including  the  genus  Crambe.  Tribe  10,  Rapha- 
nem.  These  tribes  are  all  more  or  less  artificial. 

Capparidacea 

Are  herbs,  shrubs,  or  trees,  with  alternate,  usually  compound 
leaves,  and  the  sepals  and  petals  4-merous,  stamens  indefi- 
nite, or,  if  G,  not  tetradynamous ; ovary  usually  stalked ; 
seeds  reniform,  without  endosperm. 

The  plants  of  this  order  have  a general  resemblance  to 
those  of  Cruciferse,  but  are  distinguished  by  the  stamens 
being  often  indefinite,  or,  if  G,  not  tetradynamous,  by  the 
gynophore,  and  by  their  reniform  seeds.  In  their  properties 
they  somewhat  resemble  the  Cruciferse.  Gynandropsis 
pentaphylla  (Kamila)  is  an  annual  plant  of  from  one  to 
three  feet  high  ; the  flowers  are  small,  white  ; the  stamens 
and  ovary  are  supported  on  a long  stalk  (gynophore). 
Folanisia  viscosa  (Hurhuriya)  has  small  yellow  flowers 
and  indefinite  stamens;  the  ovary  is  sessile;  the  young  stems 
and  the  branches  of  old  ones  are  hairy  and  glutinous;  the 
seeds  are  pungent.  The  capers  used  as  pickles  are  the 
flower-buds  of  various  species  of  Capparis. 

The  order  is  divided  into  two  tribes.  Tribe  1,  Cleomem, 
herbs.  Tribe  2,  Cappare®,  shrubs  or  trees. 

Other  genera  are:  CraUcva,  L. ; Cadaba,  Forskah;  Royd- 
sia,  ltoxb. 

Resedacece 

Are  herbaceous  plants  with  alternate  leaves, _ and  unsym- 
metrical  flowers,  on  a racemose  or  spiked  inflorescence ; 
stamens  definite,  inserted  on  a fleshy  1-sided  disk;  fruit 
usually  1 -celled,  opening  at  the  top  before  the  seeds — which 
have  no  endosperm — are  ripe. 

Reseda  odorata  (Mignonette)  is  cultivated  in  every  garden 
in  India  ; the  ovary  opening  before  the  seeds  are  ripe,  is  an 
uncommon  phenomena;  the  pollen  grains  are  ellipsoid. 

Other  genera  ave  : Oligoinevis,  Cambess,  which  is  remark- 
able for  the  reduction  of  the  parts  of  the  flower,  having 
but  two  petals  and  three  stamens,  and  the  disk  is  likewise 
absent.  (Jchradenus , Delile,  are  much  branched  shrubs. 
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Bixacece 

Are  trees  or  shrubs  with  alternate  simple  leaves,  ancl  her- 
maphrodite or  unisexual  flowers  ; stamens  indefinite  ; ovary 
generally  1 -celled ; seeds  numerous,  with  a usually  straight 
embryo  in  the  axis  of  the  fleshy  endosperm. 

Bixa  orellana  (Latkan)  is  a small  tree  naturalized  in 
India  from  South  America,  with  entire  leaves  and  terminal 
panicles  of  white  flowers ; the  capsules  contain  a large  num- 
ber of  red  seeds,  which  yields  a dye  called  Arnatto.  Gyno- 
cardia  odorata,  a native  of  the  forests  of  the  Malayan 
Peninsula  and  Eastern  India ; the  seeds  yield  a fixed  oil 
(Chaulmugra),  used  advantageously  in  cases  of  leprosy,  &c. 
Hydnocarpus  inebrians  is  a large  tree  with  alternate 
leaves  and  dioecious  axillary  white  flowers ; the  seeds  resem- 
ble those  of  the  chaulmugra.  Flacourtia  sepiaria  (Buinch), 
a small  spinous  shrub  common  on  uncultivated  land. 
Cochlospermum  gossypium  yields  a gum,  sometimes  used 
as  a substitute  for  tragacanth. 

Other  genus  : Xylosma,  Forster. 

Violacece 


Fig.  100. 


Viola  odorata. 


Are  herbs  or  shrubs 
with  alternate,  usu- 
ally stipulate,  leaves, 
and  irregular  her- 
maphrodite flowers, 
sepals,  petals,  and 
stamens  5,  the  con- 
nective of  the  an- 
thers usually  pro- 
longed; ovary  1- 
celled,  with  three 
parietal  placentas ; 
stigmaoblique, hood- 
ed ; seeds  endosper- 
mic. 

Viola  odorata, 
cultivated  in  gar- 
dens, is  a low  herb 
wi  th  alternate  or 
radical,  stipulate 
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simple  leaves,  and  solitary  irregular  flowers ; one  of  the 
petals  and  two  of  the  filaments  are  spurred  at  the  base. 
Alsodeia  Bengalensis  and  A.  Roxburghii  are  arborescent 
plants  with  small,  nearly  regular,  flowers ; they  are  com- 
mon in  the  Khasia  Hills,  Ceylon,  and  the  Malayan  Peninsula. 

Other  genus:  Ionidium,  Vent. 

Moving  cicece 

Are  trees  with  alternate,  compound,  stipulate  leaves  and 
irregular  flowers  ; stamens  arising  from  a perigynous  disk  ; 
the  1-celled  capsular  fruit  pod-like,  with  three  parietal 
placentas  ; seeds  without  endosperm. 

This  order  is  sometimes  placed  near  to  Leguminosie,  but 

differs  widely  from  it  on  ac- 
count of  the  parietal  placenta- 
tion.  M oringa  pterygosperma 
(Sujina)  is  one  of  the  com- 
monest cultivated  trees  in 
India,  nearly  all  parts  of  it 
being  used  as  food ; it  has 
winged  seeds  beautifully  ar- 
ranged in  the  fruit ; the  root 
has  somewhat  the  taste  of 
horseradish  ; a gum-like  tra- 
gacanth  exudes  from  the 
bark ; in  native  medicine, 
the  root,  bark,  leaves,  flowers, 
and  the  gummy  exudation 
from  the  stem  are  employed 
for  various  purposes.' 

Polygcdacea 

Are  herbs,  shrubs,  or  trees,  with  alternate,  simple,  exsti- 
pulate  leaves,  and  irregular  hermaphrodite  flowers ; stamens 
4 to  8,  diadelphous  or  monadelphous  ; anthers  opening  by 
pores  : embryo  straight,  in  abundant  endosperm. 

The  somewhat  pajiilionaceous  corolla  ot  this  order  has 
led  to  a comparison  of  it  with  Leguminosm,  from  wine  i, 
however,  it  differs  widely ; moreover,  the  position  ol  the 
odd  sepal  will  at  once  distinguish  between  them,  being 
posterior  in  Polygalacese,  anterior  in  Legummosse.  from 


Fisr.  101. 


Tri-ninnate  leaf,  as  in  Moringd 
pterygosperma. 
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Sapindaceae  they  are  readily  distinguished  by  their  straight 
embryo  and  endospermic  seeds. 

Polygala  arvensis  (Meradu)  is  a small,  procumbent  plant, 
a native  of  pasture  lands  ; it  has  entire  leaves,  and  xace- 
mose,  irregular,  inconspicuous  flowers,  produced  during 
the  rainy  season.  Senega,  the  root  of  Poly  gala  senega, 
and  Rhatany,  the  root  of  Krameria  triandra,  belong  to 
this  order  ; the  former  is  used  as  an  expectorant,  the  latter 
as  a tonic  and  astringent.  In  Salomonia,  a native  of  the 
Khasia  Hills,  the  sepals  are  nearly  equal.  Xanthophyllum 

is  an  arboreous  genus,  with 
102.  five  petals,  four  of  which 

are  nearly  equal ; the  wood 
of  these  plants  is  hard,  and 
is  usedfor  various  purposes. 

Other  genus : Securida- 
ca,  Linn. 


Caryophyllacece 


Are  herbs  with  opposite 
entire  leaves ; stems  often 
swollen  at  the  joints ; flow- 
ers symmetrical,  4 to  5- 
merous ; stamens  definite  ; 
ovary  1 -celled,  with  a free  • 
centi’al  placenta;  embryo 
curved  round  the  mealy 
endosperm. 

Dianthus  chinensis  is  a 
garden  annual ; easy  of 
cultivation*  with  grass-like 
leaves,  and  terminal  fasci- 
cled red  flowers.  The 
plants  of  this  order  are,  for 
the  most  part,  natives  of 
temperate  and  cold  cli- 
mates, extending  to  the 
Arctic  regions,  and  grow 
at  great  elevation  in  the 
Himalayas — one  attaining 
an  altitude  of  14,000  to  18,000  feet. 


Dianthus , or  Pink. 
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Sir  J.  Hooker  divides  the  Order  into  three  tribes : Tribe  1, 
Sileneae,  including  the  genera  Dianthus,  Gypsophila,  Silene, 
Cucubalus,  Lychnis.  Tribe  2,  Alsinese,  including  the  genera 
Cerastium,  Stellaria,  Brachystemma,  Arenaria , Sagina, 
Spergula.  Tribe  3,  Polycarpese,  including  the  genera  Dry- 
maria,  Polycarpon,  Polycarpcea. 

Portulacacece 

Are  succulent  herbs ; sepals  2 ; pe- 
tals mostly  5 ; stamens  generally 
indefinite;  capsule  1-cel  led,  with  a 
free  central  placenta  ; embryo  curv- 
ed round  the  mealy  endosperm. 

Portulaca  meridiana  (Luniya) 
is  a small  creeping  annual,  hairy  at 
the  joints  ; it  is  common  in  gardens, 
growing  as  a weed ; the  flowers 
open  at  noon  and  close  about  2 P.  M. ; 
the  characters  of  the  order  are 
easier  seen  in  the  common  garden 
species,  Portulaca  thellusoni.  The 
motion  of  the  stamens  when  touch- 
ed is  an  interesting  phenomena. 
The  capsule  opens  by  transverse 
dehiscence  forming  a pyxidium. 
Other  genus:  Talinum,  Adans. 

Tamaricacece 

Are  trees  or  shrubs  with  alternate, 
scale-like  leaves,  and  flowers  in 
close  spikes  or  racemes  ; calyx  4 to 
5,  parted,  persistent ; stamens  defi- 
nite ; capsule  3 — 5-valved,  1 -celled, 
with  basilar  placentation  ; seeds  without  endosperm. 

The  scale-like  leaves  of  this  order  are  very  peculiar,  and 
render  it  easily  recognizable.  Tamarix  Indica  (Jlniu)  is 
a small  tree,  generally  found  on  sandy  islands,  in  large 
rivers ; it  flowers  during  the  latter  part  of  the  rains  ; the 
flowers  are  small,  white,  and  very  numerous.  Tamarix 
dioica  (Lai  jhau)  is  also  found  on  river  islands;  the  flowers 
are  very  small  and  rose-coloured. 


Fig.  103. 


Portulaca. 
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The  galls  of  Tamarix  Indica  and  Tamcirix  dioica  are 
highly  astringent,  and  are  used  both  in  medicine  and  dyeing. 

Other  genus:  Alyricaria,  Desv. 

Guttiferce 

Are  trees  or  shrubs  with  resinous  juice  and  opposite 
leathery  leaves ; flowers  unisexual  or  polygamous ; sepals 
imbricated,  in  two  or  more  decussating  pairs ; stamens  often 
indefinite ; ovary  superior,  one  to  many  celled ; stigmas 
sessile  ; seeds  without  endosperm. 

This  order  is  related  to  the  Hypericacete,  but  may  be 
distinguished  by  the  tree-like  habit,  the  leathery  leaves 
with  articulated  stalks,  the  binary  arrangement  of  the 
flowers,  the  sessile  radiating  or  peltate  stigmas,  and  the 
seeds  usually  solitary  in  the  cells  of  the  ovary.  Calo- 
phyllv/m  inophyllum  (Sultana-champal  is  a handsome  tree 
found  cultivated  over  most  parts  of  India  ; the  flowers  are 
white  and  fragrant.  The  mangosteen  belongs  to  this  order ; 
it  is  the  fruit  of  Garcinia  Mangostana.  Garcinia  Morelia, 
a native  of  Siam,  yields  a gum-resin,  gamboge,  which  is 
used  in  medicine  and  also  as  a pigment.  The  seeds  of 
Garcinia  purpurea,  of  the  Madras  Peninsula,  when  bruised, 
give  an  oil,  which  is  used  for  the  preparation  of  ointments, 
&c. 

The  order  generally  is  characterized  by  a coloured 
resinous  juice  with  purgative  properties. 

Other  genera  are  : Mesua,  L. ; and  Kayea,  Wall. 

Hypericacece 

Are  herbs  or  shrubs  with  opposite  entire  dotted  leaves; 
flowers  hermaphrodite ; stamens  polyadelphous ; fruit 
usually  tria  or  pentadelphous,  or  fleshy  capsule  with  septi- 
cidal  or  loculicidal  ( eg.,  Cratoxylon ) dehisence  ; seeds  numer- 
ous, without  endosperm. 

Hypericum  Gkinense  is  a small  bushy  shrub  about  two 
feet  high,  cultivated  in  gardens ; the  flowers  are  bright 
yellow.  Hypericum  Japonicum  is  a low  procumbent  herb, 
with  small  yellow  terminal  cymose  flowers.  Hypericum 
Mysorense  is  common  in  Southern  India. 

Other  genus : Cratoxylon,  Blume. 
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Dipterocarpece 

Are  large  trees  abounding  in  resinous  juice,  with  alternate 
penni-nerved  stipulate  leaves;  calyx  5-lobed,  imbricated, 
unequal,  persistent ; fruit,  1 -celled,  surrounded  by  the 
enlarged  calyx,  two  or  more  lobes  of  which  form  winged 
appendages ; seeds  usually  without  endosperm. 

The  most  characteristic  feature  of  this  order  is  the 
winged  calyx  forming  a crown  to  the  fruit ; most  of  the 
plants  also  abound  in  resin.  Shorea  robusta  (Sal),  an  im- 
mense timber  tree  ; flowers  during  the  hot  seaso3i ; it  yields 
the  dhoona,  so  much  used  as  incense.  Sumatra  camphor  is 
the  resin  of  Dryobalanops  camphora.  Gurjun  oil  is  the 
balsamic  exudation  of  Dipterocarpus  trinervis.  Indian 
copal  is  the  resin  of  Valeria  Indica.  Hopea  odorata 
yields  a fragrant  resin,  which,  reduced  to  powder,  forms  a 
popular  styptic  amongst  the  Burmese.  After  flowering,  two 
of  the  lobes  of  the  calyx  in  Dipterocarpus  and  liopea 
enlarge,  giving  rise  to  the  name  of  the  order,  signifying 
a two-winged  fruit. 

Other  genus:  A nsistroclaclus  ( endospermic ),  Wall. 

Ternstrcemiacece 

Are  trees  or  shrubs  with  watery  juice  and  alternate, 
leathery,  simple,  exstipulate  leaves ; flowers  hermaphrodite, 
rarely  unisexual ; stamens  indefinite  ; ovary  many-celled ; 
styles  distinct ; seeds  few,  sometimes  arillate ; endosperm 
little  or  none. 

This  order  is  distinguished  from  Bixaceie  by  the  many- 
celled  ovary  and  want  of  stipules  ; from  Dipterocarpese,  by 
the  simple  calyx  and  watery  juice  ; from  Tiliacem,  by  the 
imbricated  calyx;  and  from  Guttiferse,  by  the  alternate 
leaves,  &c.  Thea  Chinensis  is  a low  shrub,  with  alternate, 
shining,  simple  leaves,  and  axillary  white  flowers  ; there  is 
a slight  cohesion  of  the  petals,  which  character  is  not  in- 
frequent in  several  normally  polypetalous  orders.  The  tea- 
shrub  is  found  wild  in  the  jungles  of  Assam.  Black  and 
green  tea  are  produced  by  the  same  plant,  the  difference 
consisting  in  the  time  of  picking  and  mode  of  preparation 
of  the  leaves.  The  young  leaves,  quickly  di'ied  and  sub- 
jected to  a particular  kind  of  manipulation,  supply  the 
green  tea ; while  the  older  leaves,  dried  more  slowly  and 
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after  undergoing  a process  of  fermentation,  constitute  the 
black  tea.  Tea  contains  oily  matter,  tannine,  and  the  bitter 
principle  called  Theine,  which  is  identical  with  Caffeine. 
Saurauja  Roxburgliii  is  a native  of  Sylhet ; it  has  small 
rose-coloured  flowers,  which  appear  in  July  and  August. 

Other  genera  are : Anneslea,  Wall. ; Eurya,  Thunb. ; Gor- 
donia,  Ellis.;  Camellia,  Linn.;  A dinandra,  Jack.;  Cleyera , 
D.  C. ; Aetinida,  Lindl. ; Stachyurus,  Sieb. ; Schima, 
Reinw. ; Pyrenaria,  Blume. ; and  Cochlospermum,  which  last 
yields  the  gum  called  Kutiea,  which,  in  the  N.  W.  Provinces 
of  India,  is  substituted  for  tragacanth. 

■ Malvaceae 


Fig.  104. 


Are  herbs 
or  shrubs 
with  alter- 
nate stipu- 
late leaves 
and  regular 
flowers; 
calyx  val- 
vate,  and 
corolla  con- 
torted i n 
aestivation ; 
stamens 


numerous, 
mon  a d e 1 - 
phous,  with 
1 -celled  an- 
thers; seeds 
with  little 
or  no  endos- 
perm. 

M alvacece 
is  closely 
allied  t o 
Sterculi  a - 
cece  and 
Tiliaceai 
by  their  ge- 


Eibiscus  rosa  sinensis  (reduced). 
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neral  structure  and  the  estivation  of  the  calyx,  but  are 
distinguished  by  their  1-celled  anthers.  Many  of  the  plants 
of  this  order  are  mucilaginous,  and  the  liber  affords  a use- 
ful fibre.  Hibiscus  rosa  sinensis  (Jaba)  (Fig.  104),  culti- 
vated all  over  India,  is  a shrub  with  alternate,  simple,  serrate 
leaves  and  large  handsome  flowers ; it  continues  in  flower 
tlm  greater  part  of  the  year.  Gossypium  lierbaceum 
(Kapas),  the  ordinary  Indian  cotton-plant,  has  large  yellow 
flowers,  with  a dark-red  centre.  Cotton  consists  of  the 
delicate,  long,  thin-walled  hairs,  which  clothe  the  seeds: 
several  varieties  of  this  plant,  as  well  as  some  other  allied 
species,  are  now  extensively  cultivated  in  India.  The  com- 
mercial value  of  the  cotton  depends  upon  the  length  and 
tenacity  of  the  hairy  cells.  Hibiscus  esculentus  (Dhenru, 
okra),  grows  to  about  three  feet  high,  and  has  large  yellow 
flowers,  with  red  centre ; the  ripe  capsules  are  largely  used 
as  a vegetable.  Hibiscus  cannctbinus  (Mestapat)  has  large 
yellow  flowers ; the  fibrous  liber  of  the  stem  is  used  for 
cordage,  &c.  Hibiscus  vitifolius  (Ban-kapas)  is  a common 
plant.  Bombax  Malabaricum  (Shimal)  is  a large  tree 
found  almost  everywhere ; flowering  time  the  end  of  the 
cold  season,  when  the  tree  is  almost  totally  destitute  of 
leaves ; the  great  number  of  large  red  flowers,  with  which 
it  is  then  covered,  render  it  conspicuous  at  a great  dis- 
tance : the  hairs  of  the  seeds  cannot  be  spun  like  cotton, 
but  are  used  for  stuffing  cushions.  The  root  of  Sicla  acuta 
is  used  in  Bengal  as  a bitter  tonic.  The  root  of  Sicla 
retusa  is  also  held  in  some  repute  in  the  treatment  of 
rheumatism.  The  viscid  juice  of  the  fruit  of  Thespesia 
populnca  is  used  in  Southern  India  as  a local  appli- 
cation in  cutaneous  diseases.  Adansonia  digitata,  an 
African  tree,  now  domesticated  in  many  parts  of  India, 
deserves  notice  for  the  repute  it  has  obtained  as  a remedy 
in  dysentery.  The  Durian  fruit  is  the  product  of  a Ma- 
layan tree  of  this  order,  Durio  zibethinus. 

Other  genera  are  : Althaea , Linn.  (Golthyra) ; JJrena,  Linn. 
(Ban-okra);  Abutilon,  Gmrtn.  (Petari);  Malvastrum,  A. 
Gray ; Pavonia,  Cav. ; Dicellostyles,  Benth. ; Kydea,  Roxb. ; 
Eriodendron,  D.  C. 

Sterculiacece 

Are  trees,  shrubs,  or  herbs,  with  alternate  simple  or 
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compound  leaves,  and  free  deciduous  stipules ; calyx 
valvate  ; stamens  monadelphous,  with  2-celled  anthers. 

The  2-celled  anthers  separate  the  plants  of  this  order 
from  Malvaceae,  and  the  monadelphous  stamens  from 
Tiliacese.  Sterculia  fcetida  (Jangli-badam),  a large  tree, 
with  alternate  digitate  deciduous  leaves,  crowded  about 
the  ends  of  the  branches  ; flowers  large,  of  a dull  crim- 
son ; the  seeds  are  sometimes  eaten  roasted.  Helicteres 
isora  (Antamora),  a small,  thinly  branched  tree,  which 
flowers  during  the  rains  and  cold  weather.  Heritiera 
minor  (Sundri),  a native  of  the  lower  part  of  the  delta  of 
the  Ganges ; it  is  largely  used  as  firewood.  Cocoa  is  obtained 
from  the  seeds  of  Theobroma  cacao.  Pentapetes  phcenicea 
(Dupahariya)  is  common  over  the  Peninsula  of  India, 
J ava,  Malaccas,  &c. ; the  flowers  are  large,  of  a scarlet  colour, 
and  appear  in  the  rainy  season.  Pterospermum  aceri- 
folium  (Kanak-champa)  has  large  white  fragrant  flowers, 
which  appear  during  the  hot  season.  Abroma  augusta 
( Olat-kambal)  has  dark  purplish  brown  flowers  ; the  liber 
is  used  for  cordage. 

Sir  J.  Hooker  divides  the  order  into  six  tribes.  Tribe  1, 
Sterculiese,  including  the  genera  Sterculia,  Linn.,  and  Heri- 
tiera, Aiton.  Ti'ibe  2,  Helicterese,  including  the  genera 
Reevesia.  H. ; Helicteres,  L. ; Pterospermum,  Schreb.  Tribe  3, 
Eriolsenese.  Tribe  4,  Dombeyese,  including  the  genera  Pen- 
tapetes, L. ; Melhania,  Forsk.  Tribe  5,  Hermanniece,  including 
the  genera  Melochia,  Linn. ; Waltheria,  Linn.  Tribe  6, 
Buettneriese,  including  the  genera  Abroma,  Jacq. ; Guazu- 
ma,  Plum. ; Buettneria,  Linn. 

Tiliacece 

Are  trees,  shrubs,  or  herbs,  with  usually  alternate  simple 
stipulate  leaves  and  regular  flowers ; calyx  valvate  ; stamens 
indefinite,  free,  or  united  in  bundles  with  2-celled  anthers. 

The  free  or  polyadelphous  condition  of  the  stamens  and 
the  2-celled  anthers  separate  this  order  from  Sterculiacese 
and  Malvaceie,  its  nearest  allies ; the  general  properties  are 
the  same  as  in  those  orders — mucilaginous  juices  and  fibrous 
bark. 

Corchorus  capsularis  (Pat)  is  a smooth  annual,  culti- 
vated during  the  rains ; it  has  alternate  simple  leaves  and 


108  A TEXT-BOOK  OF  INDIAN  BOTANY. 

axillary  fascicles  of  small  yellow  regular  flowers ; the  tough 
fibrous  liber  of  the  bark  affords  “ jute,”  which  is  exten- 
sively substituted  for  hemp ; the  fruit  is  an  oblate  capsule, 


Fig.  105. 


■Grewia  Asiatica. 
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in  which  the  seeds  are  separated  from  each  other  by  trans- 
verse partitions.  Corchorus  Olitorius  is  cultivated  for  the 
oil  yielded  by  its  seeds,  also  as  a potherb ; the  fruit  is  a 
roundish  capsule.  The  genus  Grewia  is  numerous  in  species 
both  in  tropical  Asia  and  tropical  Africa.  Grewia  Asiatica 
(Phalsa)  (Fig.  105)  is  a small  tree,  with  round,  cordate,  serrate, 
downy  leaves ; the  flowers  are  small,  yellowish  orange  colour ; 
the  petals  are  glandular ; the  fruit  ripens  about  April  and 
May,  and  is  palatable  to  some  people.  The  genus  Elcecar- 
pus,  including  some  large  Indian  trees,  are  marked  by  the 
anthers  dehiscing  at  their  tips  ; the  petals  also  are  usually 
fringed ; the  stones  of  its  drupaceous  fruits  are  strung- 
together  as  beads. 

Sir  J.  Hooker  divides  the  order  into  two  series  : series  1, 
Holopetalse,  includiug  the  genera  Brownlowia,  Roxb. ; 
Gx-ewia,  Linn. ; Triumfetta,  Linn. ; and  Corchorus,  Linn. 
Series  2,  Heteropetal®,  including  the  genera  Echinocarpus, 
Blume. ; Elseocarpus,  Linn. 

Geraniacem 


Fruit  of  Geranium. 

Other  genera 


segments 


stipules, 
of  the 
from  its 


Are  herbs  or  shrubs  with  articulated  swollen  joints  and 
Fig.  106.  membranous  stipules ; leaves  aroma- 

tic ; flowers  5-merous;  stamens  mostly 
10  ; carpels  5,  supported  on  a carpo- 
phore, from  which  they  separate 
when  ripe  by  the  elastic 
of  the  style. 

The  peculiar  fruit,  the 
and  the  swollen  joints 
stem  separate  this  order 
nearest  allies.  Pelargonium  zonale 
is  the  common  scarlet  geranium 
cultivated  in  gardens.  In  India, 
geraniums  have  to  be  protected 
during  the  hot  weather  from  the  sun 
and  wind,  and  in  the  rains  from  the 
drenching  wet. 

x > Monsonia,  Linn. ; Geranium,  Linn. ; 
and  h rodium,  L Herit,  which  belong  chiefly  to  the  temperate 
parts  of  the  northern  hemisphere.  Pelargonium  (Fig.  107) 
abounds  in  species  in  South  Africa.  The  Balsaminacem  are 


are 
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Pelargonium, 

nearly  related  to  this  order,  and  is  included  in  it  by  Bentharn 
and  Hooker,  but  may  be  distinguished  by  the  want  of  the 
peculiar  carpophore,  and  by  the  much  greater  irregularity 
of  the  flower.  It  includes  the  genera  Im'patiens,  L.  (Dopate), 
and  Hydrocera,  Blume  (Domutd).  The  name  of  the  genus 
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Impatiens  is  derived  from  the  elasticity  with  which  the 
capsule  bursts  when  ripe. 


Linacece 

Are  herbs  or  shrubs  with  simple,  alternate,  undivided 
leaves,  without  stipules ; flowers  mostly  5-merous  through- 
out ; calyx  imbricated ; stamens  coherent  at  the  base  ; styles 
distinct ; capsule  many-celled,  each  cell  divided  by  a false 
septum  from  the  dorsal  suture ; seeds  rarely  without  endos- 
perm. 

The  simple  entire  leaves,  and  the  peculiar  structure  of 

the  fruit,  are  distinctive  marks 
of  this  order.  Linum  trigynum 
(Gulasraph)  is  a shrubby  plant, 
with  alternate  oval  leaves  and 
bright  yellow  inodorous  flowers ; 
flowering  time  the  cold  season. 
Linum  usitatissimum  (Tisi),  much 
cultivated  over  the  northern  parts 
of  India  for  the  seed,  from  which 
linseed  oil  is  extracted,  is  a slender 
herb  with  fugacious  blue  flowers. 
Flowering  time  the  cold  season. 
The  slight  cohesion  of  the  filaments 
and  the  minute  teeth  projecting  in 
the  intervals  between  the  filaments, 
indicate  a second  series  of  undeve- 
loped stamens.  In  Erythroxylon,  an 
allied  genus,  there  are  ten  perfect 
stamens,  without  any  rudimentary 
ones. 

Flax  consists  of  long  thick -walled 
liber  cells,  resembling  jointed  cylin- 
drical rods.  The  microscopic  ap- 
pearance differs  very  considerably 
from  that  of  cotton. 

Dimorphism  occurs  in  the  genus 
Linum. 

Other  genera  are : Rdnwardtea,  Dumort ; Anisadenia, 
W all ; and  Ixonanthes,  J ack. 
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OxalidacecB 


Fig.  109. 


Are  herbs,  rarely  shrubs,  with  alternate  compound  leaves 
and  regular  symmetrical  5-merous  flowers;  stamens  10, 
somewhat  monadelphous  ; styles  distinct ; sepals  imbricated, 
petals  convolute  in  aestivation;  capsule  5-celled;  seeds 
endospermic. 

This  order  can  be  easily  distinguished  from  Linacese  by 

its  compound  leaves  and  the 
absence  of  septa  in  its  capsules  ; 
from  Geraniacese,  by  the  absence 
of  the  carpophore.  The  leaves  of 
many  of  the  plants  of  this  order 
are  sensitive,  especially  those  of 
Oxalis  sensitive/,  (Ban-naranga), 
a herb  common  all  over  India, 
with  pinnate  leaves  and  yellow 
flowers  in  umbelliferous  pe- 
duncles. Avervhoa  Carambola 
(Kamranga)  has  also  irritable 
leaves ; it  is  common  in  gardens. 
There  are  two  varieties,  one  pro- 
ducing a sweet,  and  the  other 
a sour,  fruit ; it  flowers  during 
the  rains.  Oxalis  cornicidata  (Amriil)  is  a small  creeping 
ramous  herb,  with  ternate  leaves  and  small  yellow  flowers, 
common  everywhere,  and  is  in  flower  and  fruit  most  part  of 
the  year. 


Oxalis  corniculata,  showing 
the  leaflets  depressed. 


Malpighiacece 

Are  climbing  shrubs  with  opposite  entire  stipulate  or  exsti- 
pulate  leaves ; calyx  glandular ; petals  clawed ; stamens 
mostly  10  ; carpels  3,  often  winged  ; ovules  solitary,  pendu- 
lous ; seeds  without  endosperm. 

The  symmetrical  flowers,  the  glands  in  the  calyx,  the 
long  stalks  in  the  petals,  and  the  solitary  ovules  distinguish 
this  order  from  its  nearest  allies.  Idiptage  madablota, 
a climbing  shrub,  with  opposite  entire  leaves  and  fra- 
grant irregular  yellow-white  flowers ; the  young  parts  of 
the  plant  are  covered  with  peltate  hairs;  the  fruits  are 
winged.  Malpighia  coccifem  is  a small  shrub  cultivated 
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in  gardens,  with  small  white  flowers,  having  a slight  tinge 
of  rose  colour. 

The  stems  of  some  of  the 
climbing  species  are  pecu- 
liar in  having  part  of  the 
fibro-vascular  bundles  sepa- 
rate from  the  principal  circle, 
and  which  lay  the  founda- 
tion of  a number  of  secondary 
cylinders  of  wood,  enclosed 
by  a common  bark. 

The  genus  Aspidopterys, 
A.  Juss.,  belongs  to  this  order. 

Zygophyllacece 

Are  herbs  or  shrubs  with 
opposite,  stipulate,  compound 
leaves ; flowers  in  axillary 
peduncles  ; stamens  free,  8 to 
Fruit,  of  iiipia/je  Madablota.  io,  often  with  a scale  at  the 
base  or  middle  of  the  filament ; fruit  various. 

Tribulus  terrestris  (Gokhur)  is  a prostrate  herb,  with  oppo- 
site, stipulate,  pinnate  leaves,  and  bright  yellow  sweet 
scented  flowers  ; it  is  common  in  pasture  land  in  many  parts 
of  India,  and  flowers  most  part  of  the  year. 

T.  lanuginosus,  a variety  of  T.  terrestris.  All  parts  of 
this  plant,  but  especially  the  fruit,  are  held  in  high  repute 
in  Southern  India  as  a diuretic.  Guaiacum  officinale  is  a 
native  of  the  West  Indies  ; it  has  small  blue  flowers  ; the 
wood  and  resin  are  imported  for  medicinal  purposes ; the 
wood  is  very  hard  and  heavy,  and  is  known  as  “ Lignum- 
vitse.”  To  this  order  belongs  also  Fagonia,  with  trifoliolate 
leaves ; it  is  common  in  some  of  the  dry  parts  of  India. 

Aurantiace  cb 

Are  trees  or  shrubs  with  smooth,  glandular,  alternate, 
exstipulate  leaves,  with  the  blade  jointed  to  the  petiole  ; sta- 
mens with  flattened  filaments ; petals  imbricated,  deciduous  ; 
fruit  succulent ; seeds  without  endosperm. 

These  plants  are  generally  distinguished  by  their  dotted 
leaves,  the  blade  of  the  leaf  jointed  to  the  petioles,  the  decidu- 
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ous  imbricated  petals,  and  the  succulent  fruit.  Citrus  acida 
(Nebu)  is  a shrub,  with  oval  or  oblong  crenate  leaves  and 
winged  petioles;  there  are  many  varieties;  the  common- 
est are  : Pati-nebu,  with  a round  fruit ; Kagaj  i-nebu,  having 
a long  small  fruit ; and  Gora-nebu,  a thick-skinned  small 
oval  lime.  Citrus  decumana  (Batdbi-nebu)  is  a small  tree, 
of  which  there  are  two  varieties, — one  of  which  has  the 
pulp  of  the  fruit  white,  the  other  red : it  is  largely  culti- 
vated. Citrus 
aurantium 
(Narangi)  i s 
the  sweet 
orange.  Citrus 
medica,  the 
common  ci- 
tron; the 
flowers  are 
white,  tinged 
with  r e d. 
Feronia  ele- 
p It  an  tu  m 
(Kathbel),  a 
large  tree 
yielding  very 
li  a r d timber, 
found  in  most 
parts  of  India ; 
the  pulp  of  the 
fruit  is  some- 
times used  as 
a jelly.  JEgle 
marmelos  is  a 
small  t ree 
largely  culti- 

Citrus  aurantium.  vated  foi  . the 

sake  of  its 

fruit,  which  is  astringent,  and  is  occasionally  given  in  cases 
of  dysentery  : the  bark  ol  the  tree  is  sometimes  used  in 
intermittent  fevers. 

Glycosmis  pentaphylla  (Ashshaurd)  is  a very  common 
shrub  with  small  white  fragrant  flowers ; the  small  branches 
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are  frequently  used  instead  of  a tooth-brush.  Murray  a 

exotica  (Kamini)  is  much  cultivated ; the  flowers  are  white, 
and  strongly  fragrant.  The  rind  and  leaves  of  these  plants 
contain  a large  number  of  compound  internal  glands  or 
reservoirs,  surrounded  by  a special  layer  of  cells  lying  just 
beneath,  or  sometimes  rising  in  a dome  shape  a little  above 
the  surface  of  the  epidermis. 

M eliacecc 


Are  trees  or  shrubs  with  alternate,  pinnately  compound, 
exstipulate  leaves ; flowers  in  panicles;  stamens  definite, 
monadelphous,  or  rarely  free ; anthers  sessile  or  stipulate 
in  the  orifice  of  the  staminal  tube;  ovary  free;  style  one; 
fruit  succulent  or  capsular ; seeds  perispermic. 

The  staminal  tube  and  the  leavfes,  which  generally 

are  not  dotted, 
distinguish  this 
order  from  Auran- 
tiacese,  which  is 
its  nearest  ally. 
Melia  Azadirach 
is  a middle-sized 
tree,  with  bipin- 
nate  or  tripinnate 
leaves  and  large 
panicles  of  pur- 
plish white  sweet- 
ly-scented flow- 
ers, produced  at 
the  end  of  the  cold 
season.  Azadi- 
rachta  I n die  a 
(Nim)  is  a com- 
mon, very  useful, 
tree,  with  pinnate 
leaves  and  small 
white  scented 
fl  o w e r s . The 

AJelia  Azadirach  (reduced).  ^ ^ given  in 

cases  of  intermit- 
tent fever ; a poultice  of  the  leaves  is  frequently  used  for 


lie 


A TEXT-BOOIv  OF  INDIAN  BOTANY. 


bruises  and  sores ; from  the  fruit  a bitter  oil  is  expressed. 
Swietenia  mahogcini  and  Cedrela  toona  also  belong  to  this 
order ; the  latter  is  distinguished  from  the  other  Meliacese 
by  its  free  stamens  and  numerous  winged  seeds.  Chloroxylon 
swietenia  is  the  Indian  satinwood ; the  leaves  are  dotted. 

The  Order  is  divided  into  four  tribes : Tribe  1,  Meliese,  in- 
cluding the  genera  Munronia,  Wight ; Melia,  Linn. ; Cipadessa, 
Blume.  Tribe  2,  Trichiliese,  including  the  genera  Dysoxylum, 
Blume ; Chisocheton,  Blume. ; Aglaia,  Lour;  Amoora,  Roxb. ; 
Walsura,  Roxb. ; Heynea,  Roxb. ; Carapa,  Aubl.  Tribe  3, 
Swietenise,  including  the  genera  Swietenia,  L. ; Chickrassia, 
A.  Juss.  Tribe  4,  Cedrelese,  including  the  genera  Cedrela,  L. ; 
Chloroxylon,  D.  C. 

Rhamnacece 

Are  trees  or  shrubs  with  alternate  simple  leaves  and  small 
regular  flowers ; stamens  perigynous,  as  many  as  the  petals, 
and  superposed  to  them ; berry  or  pod,  with  one  seed  in 
each  cell,  endospermic. 

The  perigynous  stamens,  superposed  to  the  petals,  distin- 
guish this  order  from  its  nearest  affinities.  Zizyphus  jujuba 
(Byar)  is  a thorny  shrub,  with  alternate,  3-nerved,  serrate 
leaves,  and  small  green  flowers  in  axillary  umbellate  fasci- 
cles ; flowering  time  the  rainy  season ; the  fruit  is  eatable, 
about  the  size  of  a large  cherry,  yellow  when  ripe ; it  is  a 
very  common  shrub,  and  is  found  growing  wild  everywhere. 
Zizyphus  Napeca  (Shyakal)  is  also  very  common ; it  is  a 
climbing  shrub  with  large  straggling  branches,  which  are 
too  weak  to  support  themselves ; leaves  alternate,  short- 
petioled,  obliquely  ovate,  serrate,  3-nerved ; the  drupe,  the 
size  of  a pea,  is  smooth  and  black.  Zizyphus  lotus  is  sup- 
posed by  some  to  be  the  lotus  of  the  ancients. 

Other  Indian  genera  are : Ventilago,  Gsertn.  (Rakta-pita) ; 
Iiovenia,  Thunb. ; Colubrina , Rich. ; Gouania,  Linn. ; 
Rhamnus,  Linn.,  &c. 

Ampelidece  or  Vitacecv 

Are  shrubs  with  watery  juice  and  jointed  stems,  climbing  by 
tendrils ; petals  4 to  5,  valvate,  caducous  ; stamens  as  many 
as  the  petals,  and  superposed  to  them,  springing  from  a disk 
surrounding  the  ovary;  fruit  succulent;  seeds  perispermic. 
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The  climbing  habit  and  the  hypogynous  stamens  su- 
perposed to  the  caducous  petals  serve  to  distinguish  this 
order  from  its  nearest  allies.  Vitis  vinifera  (Angur),  a 
shrub  climbing  by  tendrils,  with  alternate  lobed  leaves  and 
small  green  dowers,  which  appear  about  February;  the 
fruit  ripens  during  the  hot  season.  This  plant  is  cultivated 
in  all  the  temperate  regions  of  the  globe.  Tartaric  acid 
is  obtained  from  the  acid-tartrate  of  potash  deposited  during 
fermentation  from  the  juice  of  the  grape.  Vitis  Inclica 
(Amklouka)  is  a native  of  various  parts  of  India,  dowering  in 
the  month  of  April ; leaves  alternate,  petioled,  round,  cordate, 
serrate ; dowers  small,  greenish  purple.  Vitis  quadrangu- 
laris  (Harjora) — this  is  one  of  the  most  common  plants  in 
India,  dowering  during  the  rains ; stems  quadrangular,  succu- 
lent, and  smooth ; the  leaves  alternate,  serrate,  reniform, 
cordate,  and  smooth ; dowers  4-merous  ; berry,  size  of  a 
small  pea.  Leea  macrophylla  (Tolsamudriy a ) is  very 
common  in  India ; stem  erect,  annual,  jointed  ; leaves  sim- 
ple, alternate,  broad,  cordate,  serrate ; dowers  5-merous, 
numerous,  small,  white ; berry,  size  of  a small  cherry,  black 
and  succulent  when  ripe.  Leea  crispa  (Ban-chalita)  is  also 
very  common ; the  dowers  are  small,  white. 

The  tendrils  by  which  the  plants  of  this  order  climb  are 
modided  dower  branches,  often  exhibiting  a few  nodules 
representing  abortive  dowers.  The  tendrils  are  given  off 
opposite  to  the  leaves,  and  not  as  axillary  branches ; each 
tendril  and  panicle  is  regarded  as  an  axis,  the  lower  portion 
of  which  forms  the  internode  of  the  main  stem ; the  suc- 
ceeding internode  of  the  stem  is  a new  and  distinct  axis, 
originating  in  the  axis  of  the  leaf,  opposite  to  which  the 
tendril  is  given  off.  The  Malayan  genus,  Pterisanthes,  is 
peculiar  in  having  the  dowers  arranged  on  a membranous 
expansion  of  the  peduncle. 

Sapindacece 

Are  trees  or  shrubs,  rarely  herbs,  with  alternate  pinnate 
leaves  and  small  dowers,  often  arranged  in  panicles  ; stamens 
5 to  10,  often  anisomerous ; ovary  2 to  3-celled,  and  lobed, 
with  generally  two  ovules  in  each  cell ; seeds  without 
endosperm  ; embryo  mostly  curved  or  convolute. 

The  peculiar  convolution  of  the  embryo  is  a marked 
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character  in  many  of  the  Sapindacese,  also  the  frequently 
unsymmetrical  and  irregular  flowers. 

Cardiospermum  Halicacabum  (Naphatld)  is  a climbing 

Fi^.  113. 


Cardiospermum  Ua l icacabum. 
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herb,  very  common  in  India,  in  flower  and  fruit  nearly  all 

the  year,  with  alternate  leaves  and 
small  irregular  flowers  arranged  in 
panicles  ; the  capsules  are  inflated 
and  membranous.  Nephelium  litchi, 
a tree  largely  cultivated  for  the 
sake  of  its  delicious  fruit ; the  ape- 
talous  flowers  are  small,  greenish 
white;  flowering  time  February 
and  March;  the  fruit  ripens  in  April 
and  May. 

Nephelium  longan  (Ashphul),  a 

Section  of  the  fruit  of  Cardios-  tvee  having  a short  straight  trunk 

permum  Halicacabum.  . , , 0 V i 

with  a large  dense  globular  head ; 
the  fruit  is  sometimes  eaten  ; the  wood  is  hard,  close-grain- 
ed, and  white  as  in  the  Litchi.  Dodonoea  viscosa  is  a 
shrub  with  narrow,  entire,  viscid  leaves  and  small  yel- 
lowish unisexual  flowers.  Various  species  of  Acer,  a genus 
having  simple  leaves,  are  common  in  the  mountains  of 
Northern  India. 

The  order  takes  its  name  from  the  saponaceous  principle 
contained  in  the  fruits  of  species  of  Sapindus,  which 
makes  a lather  with  water  ; hence  the  fruits  are  used  for 
washing,  as  in  S.  deter  gens  (Rita)  and  S.  emarginatus 
(Bara-rita). 

The  wood  of  the  stems  of  some  genera  presents  anoma- 
lous conditions,  from  the  distribution  of  the  fibro-vascular 
structures  into  several  groups,  so  that  the  trunks  have  a 
number  of  woody  axes  besides  that  surrounding  the  pith, 
all  enclosed  within  a common  bark. 

Other  genera  are  : Dodoncm,  L. ; Schleichera,  Willd  ; Har- 
pidlia,  Roxb. ; Cupania,  Plum. ; and  Schmidelia,  Roxb. 

Anacardiacece 

Are  trees  or  shrubs  with  resinous  juice  ; flowers  small  ; 
stamens  alternate  with  the  petals ; ovary  1-celled  in  the 
tribe  Anaca/rdiece,  with  a solitary  ovule  pendulous  from 
a long  basilar  funicle;  2 to  5-celled  in  the  Spondiece,  with 
ovules  pendulous  from  the  apex ; fruit  commonly  dru- 
paceous ; seeds  without  endosperm. 

The  solitary  ovule  with  ventral  raphe,  and  inferior 


120 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


Fig.  115. 


micropyle  or  dorsal  raphe  if  the  micropyle  be  superior, 
are  the  prominent  differential  characters  of  this  order. 
Mangifera  Indica  (Am),  one  of  the  best  known  trees  in 
India,  with  numerous  varieties,  yields  the  well-known  drupe 
called  the  mango  ; dowering  time  January,  February,  and 
March  ; the  fruit  ripens  in  May,  June,  or  July  ; the  dowers, 
which  are  arranged  in  panicles,  are  small  yellowish  green : 
many  perfect  male  dowers  are  often  found  mixed  with  the 
hermaphrodite  ones  throughout  the  panicles  ; in  these  the 
stamens,  except  one,  are  usually  abortive  ; the  duramen  of 

the  wood  is  durable  ; the  other 
parts  soon  decay  on  exposure  to 
the  wet.  Anacardium  occidental 
(Hijili  baddam)  is  a tree  with  a very 
peculiar  fruit ; the  kidney-shaped 
fruit  springs  from  the  deshy 
receptacle ; it  dowers  in  March 
and  April ; the  kernel  of  the 
seed  is  sometimes  eaten.  Seme- 
carpus  anacardium  (Bhela)  is  a 
tree,  a native  of  the  mountainous 
parts  of  India;  the  black  acrid  juice 
of  the  nuts  is  used  in  marking 
cloth,  and  the  exudation  from  the 
stem  furnishes  a varnish.  Pistacia 
vera  produces  pistachio  nuts. 
Spondias  dulcis  (Biliiti  amra)  is 
a lai’ge  tree  cultivated  in  gardens  ; 
the  dowers  are  small,  greenish 
yellow,  and  appear  in  March  ; the 
fruit  ripens  at  the  close  of  the 
rains.  Spondias  mangifera  (Amra) 
is  also  cultivated  ; dowering  time 
the  beginning  of  the  hot  season, 
when  the  leaves  come  out ; the 
fruit  ripens  during  the  cold  season, 
and  then  its  leaves  are  deciduous. 
Bhus  succedanea  is  a tree  of  the 
sub-tropical  and  temperate  Hima- 
layas, known  by  the  name  of  Kakra-singhi,  from  the  horn- 
like excrescences  borne  on  its  branches,  caused  by  insects. 


Fruit  of  Anacardium, 
occidentale. 
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Melanorrhoect  usitata  is  a large  tree,  every  part  of 
which  abounds  with  a thick,  viscid,  greyish,  terebinthinate 
fluid,  which  soon  assumes  a black  colour  on  exposure  to  the 
air ; this  is  the  black  varnish  of  the  Burmese,  by  whom  it 
is  extensively  employed.  Oclina  W odder  (Jiol)  is  a large 
tree,  common  throughout  India ; the  bark  is  very  astringent ; 
the  wood  of  old  trees  is  close-grained,  of  a deep  reddish 
mahogany  colour  towards  the  centre  ; large  quantities  of 
gum  exude  from  fissures  in  the  bark. 

Other  genus : Buchanania,  &c. 


Leguminosce 


Fig.  116. 


Papilionaceous  Flower , etc.,  of  a Pea. 


Are  herbs, 
shrubs,  or 
trees,  usually 
with  alternate 
compound 
leaves  a n d 
irregular, 
often  papilio- 
naceous o r 
regular,  flow- 
ers; stamens 
10;  sometimes 
indefinite, 
diadelpho  u s , 
monadelphous 
o r distinct ; 
carpel  solita- 
ry ; seeds  usu- 
allyaperisper- 
inic. 

This  large 
order  presents 
very  consider- 
able varieties 
of  structure, 
and  but  one 
character  i s 
absolutely 
constant,  viz., 
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the  position  of  the  sepals,  the  odd  sepal  being  always  ante- 
rior. The  affinity  with  Rosace®  is  very  close ; but  it  may 
be  noticed  that,  in  Leguminosse  when  the  flower  is  regular, 
the  fruit  is  leguminous.  The  irritability  of  the  leaves  of 
many  leguminous  plants  is  a striking  characteristic ; it  is 
most  remarkable  in  Smithia,  Desmodium,  and  in  Mimosese. 
This  order  may  be  divided  into  three  sub-orders,  which  are 
distinguished  by  the  following  characters  : — 1st,  Papilion- 
acecu : corolla  papilionaceous,  imbricated  in  the  bud,  the  odd 
petal  or  vexillum  exterior ; 2nd,  Ccesaipinece : corolla  imbri- 
cated in  the  bud,  the  odd  petal  interior ; 3rd,  Mimosece: 
corolla  valvate  in  aestivation. 

Papilionacecv.  The  corolla  in  this  sub-order  is  composed 

of  five  petals,  of  which  the 
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Parts  of  a Papilionaceous  Corolla. 


posterior  or  the  vexillum, 
or  standard,  is  usually  the 
largest  and  symmetrical 
in  form ; the  two  lateral, 
mostly  oblique  in  form, 
are  the  alte  or  wings ; 
and  the  two  anterior,  also 
small  and  oblique,  often 
coherent  in  front,  form 
the  carina  or  keel.  Note- 
worthy plants  of  this 
sub-order  are  Crotalciria 
juncea  (San),  an  annual 
plant,  cultivated  over 
India  for  its  fibre ; the 


flowers  are  large,  yellow,  and  appear  during  the  rains  and 
cold  season.  Incligofera  tinctoria,  (Nil),  largely  cultivated 
over  some  parts  of  India  for  the  dye  which  can  be  extracted 
from  it;  the  flowers  are  small,  of  a greenish  rose  colour, 
and  appear  in  the  rains.  C'litovicc  tevncitect  (Aparajita), 
common  everywhere  in  gardens ; there  are  two  varieties— 
the  blue  and  the  white.  PEscliynomene  aspera  (Shola) 
grows  on  wet  ground ; the  flowers  arc  brownish  orange, 
and  appear  in  the  rains;  the  wood  of  larger  plants  is  particu- 
larly light,  white,  and  spongy;  it  is  gathered  during  Apiil 
and  May,  and  used  for  toys,  floats  for  fishing,  sun-hats, 
&c.  Lablab  vulgare  (Shim),  of  which  there  are  several 
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varieties,  also  belongs  to  this  sub-order ; also  Desmodium 
gyrans  (Ban-charal) ; Gicer  Inclica  (But-kalay,  chola) ; 
Ervum  lens  (Bar-masur) ; Ervum  hirsutum  ( Chhota- 
masur) ; Pisum  sativum  (Matar) ; Lathy rus  sativus  (Ivhe- 
sari) ; Ahrus  precatorius  (Kunch),  the  seeds  are  red  with  a 

black  eye,  con- 
stantly used  as  a 
2 -grain  weight ; 
Phaseolus  mungo 
(Hali-mug) ; Poli- 
chos  sinensis  (Bar- 
b a t i ) ; Cajanus 
Indicus  (Arar) ; 
Erythrina  Indica 
( Palita-mandar ) ; 
Dalbergia  Sissoo. 

Ccesalpiniece : — 
One  of  the  com- 
monest trees  in 
India.  Tamarin- 
clus  Indica  (Tin- 
tari)  belongs  to 
this  sub-order ; 
the  flowers  appear 
in  May  ; they 
have  only  three 
stamens.  Poin- 
ciana  pulcherri- 
ma  (Krishna- 
chura)  is  also  very 
common ; it  is  in 
flower  and  fruit 
all  the  year. 
Poinciana  regia 
is  largely  culti- 
vated everywhere; 
its  bright  scarlet 
and  yellow  flow- 
ers are  very  showy, 

Poinciana  pulcherrima.  and  \\  ith  its  hand- 

some foliage, 

O ' 
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presents  a gorgeous  appearance  when  in  full  flower  in  the 
hot  weather  and  rains.  Cassia  Jistula  is  a small  tree,  with 
pendulous  racemes,  of  bright  yellow  flowers,  and  long 
cylindrical  indehiscent  pods.  Cassia  alata  (Dad-mardan) 
has  large  yellow-orange,  strongly  scented  flowers,  which 
appear  in  September  and  October:  the  fresh  leaves  are  fre- 
quently used  as  a cure  for  ringworm.  Saraca  Inclica 
(Ashok)  is  one  of  the  most  beautiful  trees  in  India;  the 
flowers  are  orange-scarlet ; they  appear  in  March  and  April ; 
there  is  a very  handsome  row  of  them  round  Government 

House  compound,  Calcutta.  Cassia 
auriculata  and  Bauhinia  acuminata 
(Kan chan)  are  also  common  plants. 

Mimosecti. — Acacia  Arabica  (Baba- 
la)  is  a tree  very  common  all  over 
India ; the  flowers  are  small,  yellow, 
and  appear  in  May  and  October. 
Acacia  catechu  yields  from  the  stem 

Fig.  1 19. 


Sensitive  plant — Mimosa  pudica  ; natural  size. 

the  astringent  substance  called  catechu.  The  bark  of  most 
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of  the  Acacias  is  astringent.  The  fruit  of  Acacia  rugate 
(Rita)  is  used  as  a soap.  Acacia  farnesiana  ( Guya-babala) 
has  small,  yellow,  fragrant  flowers  ; the  wood  is  tough,  and 
is  used  in  making  native  ploughs.  Mimosa  pudica  (Na- 
jak)  (Fig.  119)  is  commonly  called  the  sensitive  plant ; when 
touched  or  shaken,  the  leaflets  fold  together,  the  partial 
petioles  approach  each  other,  and  the  rachis,  or  main  petiole, 
sinks  down. 

This  order,  which  contains  about  7,000  species,  is  further 
subdivided  into  several  tribes  founded  upon  the  degree  of 
cohesion  of  the  stamens,  the  nature  of  the  pod,  leaves, 
habitat,  &c.  The  Papilionacece  are  most  universally 
distributed.  The  CcBsalpiniece  and  Mimosece  are  chiefly 
tropical;  the  latter  also  abound  in  Australia,  where  the 
genus  Acacia  is  more  largely  developed  than  in  any  other 
country.  A large  proportion  of  its  species  have  leaves 
wholly  destitute  of  a blade,  being  reduced  to  a petiole, 
which  is  much  flattened  and  leaflike,  serving  the  purpose 
of  an  ordinary  leaf- blade.  Some  of  these  Acacias  are 
naturalized  in  Southern  India. 

Rosacece 

Are  herbs,  shrubs,  or  trees,  with  usually  alternate  stipu- 
late leaves  and  regular  flowers  ; stamens  numerous,  spring- 
ing from  the  calyx ; ovary  of  one  or  more  free,  or  after- 
wards uniting,  carpels;  seeds  one  or  few  in  each  ovary, 
without  endosperm. 

This  order  is  closely  allied  to  Leguminos®  ; the  posterior 
position  of  the  odd  sepal  is  the  only  constant  point  of 
difference ; from  Myrtace®  they  are  distinguished  by  the 
usually  alternate  stipulate  leaves.  With  Anacardiacere  they 
have  some  affinities,  but  the  plants  of  this  order  are 
generally  recognized  by  their  resinous  juice  and  their  want 
of  stipules.  In  India,  Rosace®  does  not  include  many 
species  of  much  economic  importance,  chiefly  from  the 
arrangement  and  number  of  the  carpels  and  their  position 
relative  to  the  tube  of  the  calyx.  This  order  may  be  divided 
into  three  sub-orders : 1st,  Rosece,  which  has  numerous 
free  carpels,  and  to  which  the  genera  Rosa  (Kanta-golab), 
Rubus  (Brambles),  and  Fragaria  (Strawberry)  belong  ; 2nd, 
Drupacecc,  having  a single  free  carpel  and  drupaceous 
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fruit,  to  which  belong  the  genera  Amygdalus  (Peach)  and 
Prunus  (Apricot) ; and  3rd,  Pomece,  with  an  inferior  ovary, 
having  one  or  more  carpels  adherent  to  the  calyx  tube, 
and  to  which  belong  the  genera  Eriobotrya  and  Pyrus 
(Apple). 

The  plants  of  this  order  are  mostly  natives  of  the  tem- 
perate parts  of  the  northern  hemisphere,  but  are  widely 
spread  in  cultivation. 

The  petals  of  several  species  of  Rosa  yield  the  essential 
oil  called  “attar  of  rose  it  is  chiefly  manufactured  in 
Turkey,  but  a small  quantity  is  produced  at  Ghazipore 
from  the  petals  of  Rosa  damascena ; it  is  frequently  adulter- 
ated ill  India  with  the  oil  of  Andvopogon.  Kousso  is  the 
dried  flowers  and  leafbuds  of  Brayera  anthelmintica, 
imported  from  Abyssinia. 

Crassidacece 

Are  succulent  herbs  with  usually  symmetrical  flowers ; 
carpels  opposite  the  petals,  often  with  a glandular  scale  at 
the  base  outside ; distinct,  or  more  or  less  coherent ; seeds 
very  small,  with  fleshy  endosperm. 

These  plants  are  able  to  resist  long  droughts,  because  they 
store  up  large  quantities  of  water,  and  their  epidermis  is  of 
such  a nature  that  evaporation  from  the  surface  is  exceed- 
ingly slow ; they  are  remarkable  for  their  succulent  foliage, 
and  for  the  power  of  subsisting  for  a considerable  time  almost 
entirely  on  atmospheric  elements;  they  are  exceedingly 

tenacious  of 
life.  Bryo- 
ph  y llu  m 
calycinum 
is  an  erect 
plant,  with 
opposite, 
simple  o r 

Leaf  of  Bryophyllum  calycinum , with  young  plants  compound, 

onit8marsin<  leaves,  and 

large  terminal  panicles,  of  greenish  purple,  regular  flowers ; 
it  was  introduced  into  the  Honorable  Company’s  Garden, 
Calcutta,  by  Lady  Clive  in  1799,  and  from  there  has  spread 
all  over  Bengal ; the  detached  leaves  are  capable  of  pro- 
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clucing  adventitious 


Fisc.  121. 


buds  on  their  margins.  Kalanchoe 
laciniata  has  small  bright  yellow  flowers.  The  plants  of 
this  order  are  generally  found  in  dry  situations  outside 
the  tropics  ; they  are  especially  abundant  at  the  Cape  of 
Good  Hope.  Several  species  are  found  in  the  Himalayas.. 

Myrtacece 

Are  trees  or  shrubs  with  usually  opposite  entire  leaves, 
beset  with  resinous  or  translucent  glands ; calyx  and  corolla 

imbricat  e d; 
stamen  s 
often  numer- 
ous ; ovary 
inferior,  2 to 
many-celled, 
with  a x i 1 e 
placenta- 
tion ; seeds 
usually  in- 
definite, 
without  en- 
dosperm. 

The  infe- 
rior ovary 
sep  arates 
this  o r d e r 
from  Lyth- 
racese,  and 
the  simple 
inappe  n d i- 
culate  an- 
thers from 
Melastom  a - 
c e le . In 
Onagra  ceas 
the  petals 
are  contort- 

_ . ed.  Syzyai- 

Syzygium  Jambolanum,  (reduced).  uri^ 

lanum  (Kala-jam)  is  a tree  common  everywhere,  witli 
opposite  entire  shining  exstipulate  leaves  and  panicles  of 
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greenish  white  flowers,  which  appear  at  the  beo-innAm  of 

Psidium  po- 
miferum  a n d 
P.  pyriferum 
(Pey&ra),  the 
red  and  white 
guava,  are  do- 
mestic a t e d in 
India  from  tro- 
p i c a 1 America. 
Eugenia  Jamb  os 
(Golab-jam)  is 
common  in  gar- 
dens in  most 
parts  of  India; 
the  flowers  ap- 
pear in  Febru- 
ary, and  are  of 
a greenish  white 
colour. 

Myrtus  communis  (Bilati-mendi)  is  common  in  gardens 
everywhere ; it  flowers  during  the  cold  season.  Caryo- 
phyllus  aromaticus  (Lavangfi)  is  cultivated  in  Ceylon,  the 
southern  parts  of  India,  the  Malayan  Peninsula,  &c.,  for  its 
dried  unopened  flower-buds  (cloves).  Like  the  Jambolan, 
the  petals  are  deciduous,  falling  off  as  the  stamens  unfold. 
In  the  Australian  genus,  Eucalyptus,  the  lobes  of  the  calyx- 
limb  are  coherent,  and  are  thrown  off  in  a similar  manner 
as  a lid.  Some  of  the  species  of  this  genus  have  been 
introduced  into  this  country,  and  planted  in  marshy  places 
and  swamps  with  apparently  good  effect.  The  dried  fruit 
of  Pimenta  vulgaris  is  imported  from  the  West  Indies 
under  the  name  of  “ Allspice.” 

Other  genera  are : Eugenia,  L. ; Melaleuca,  L.,  &c. 

M elasiomacece 

Are  herbs  or  shrubs  with  opposite  entire,  usually  3-nerved, 
leaves ; petals  imbricated,  often  oblique ; stamens  definite, 
with  remarkable  appendaged  anthers,  bursting  by  pores  at 
the  apex. 
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The  most  striking  character  of  the  flowers  are  the  sta- 
mens with  their  oddly  beaked  anthers.  Melctstomco  via la- 
bathricum  (Baraphutika)  is  a large  shrub  having  opposite, 
short-petioled,  broad  lanceolate  leaves,  from  3 to  5-nerved, 
with  adpressed  flat  bristles  and  large  regular  terminal  red 
flowers.  The  order  derives  its  name  from  the  genus  Melas- 
toma  (black  mouth),  the  fruit  staining  the  mouth  black. 

Many  of  these  plants  are  distinguished  at  first  sight  by 
the  large  curved  ribs  running  from  the  base  to  the  apex  of 
the  leaves. 

The  members  of  this  large  order  are  generally  diffused 
within  the  tropics,  but  are  most  abundant  in  America ; 
they  are  of  very  little  economic  use. 

Other  genera  are : Centraclenia,  Don. ; Meclinilla,  Gau- 
dich,  etc. 

Lythracece 

Are  herbs,  shrubs,  or  trees,  with  mostly  opposite  entire  leaves 
and  no  stipules ; calyx  valvate  ; petals  corrugated ; stamens 
definite ; ovary  free  ; seeds  numerous,  without  endosperm. 

This  order  is  distinguished  from  Myrtacese  by  its  free 
ovary  and  valvate  calyx ; the  superior  ovary  also  distin- 
guishes it  from  Onagracese  and  Melastomacese.  Lager- 
strcemia  Inclica  (Telanga-china)  is  a shrubby  plant,  with 
nearly  opposite  oval  leaves  and  white,  rose-coloured  or 
purplish  flowers ; the  petals  have  long  claws,  and  are  much 
curled;  the  stamens  are  unequal.  Lagevstrcemia  Flos- 
regince  (Jarul)  (Fig.  123,  see  next  page)  is  a tree  with  oppo- 
site oblong  leaves  and  equal  stamens ; calyx  variously 
grooved  on  the  outside ; the  flowers,  which  appear  in  the 
hot  season,  are  large  and  handsome.  Lawsonia  inermis 
(Mendi)  is  a large  shrub,  in  flower  and  seed  most  part  of 
the  year ; the  flowers  are  small  greenish  white,  and  very 
fragrant ; it  is  much  used  for  hedges ; the  fresh  leaves, 
beaten  up  with  catechu,  dye  the  nails  and  skin  of  a reddish 
orange  colour,  which  is  much  admired  by  the  women  of 
India  ; the  nails  of  Egyptian  mummies  are  sometimes  found 
dyed  with  it.  Woodfordia  fioribunda  (Dhaepbul)  is  a 
very  beautiful  flowering  shrub  or  small  tree  ; it  flowers 
during  the  cold  and  beginning  of  the  hot  season.  Am- 
mannia  vesicatoria  (Dddmari) : the  leaves  of  this  plant  are 
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highly  acrid,  and  are  sometimes  employed  to  raise  blisters 
in  rheumatism. 


Fig.  123. 


Tunica  granatum  (Dalim-anar)  (Fig.  124),  has  a peculiar 
succulent  berried  fruit,  called  a balausta,  in  which  the  pulpy 
cells  are  arranged  in  two  superposed  series,  some  of  which 
are  in  the  centre  round  the  axis,  others  are  placed  outside ; 
all  being  adherent  to  the  calyx.  A transverse  section, 
through  the  lower  part  of  the  fruit,  shows  three  carpellary 
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divisions,  with  ovules  situated  on  projecting  central  placentas. 


Fig.  124. 


Fig.  125. 


Fig.  126. 


A transverse  section, 
through  the  upper 
part,  shows  five  car- 
pellary  divisions,  with 
ovules  attached  to 
placentas  projecting 
inwards.  The  real 
nature  of  the  structure 
may  be  conceived  by 
comparing  it  with  the 
excavated  receptacle 
of  the  rose.  The  rind 
of  the  fruit  is  astrin- 
Punica  granatum.  Pomegranate  (reduced),  gent ; a decoction  of 

the  root-bark  is  used  for  the  destruction  of  tapeworm. 

Onagracece 

Are  herbs  or 
shrubs  with 
usually  4-mer- 
o u s flowers ; 
calyx  valvate ; 
corolla  contort- 
ed ; stamens 
definite ; ovary 
2 to  4-celled, 
inferior ; seeds 
n u m e r o u s, 
without  endos- 
perm. 

The  parts  of 
the  flower  in 
this  order  are 
almost  i n v a- 
riably  4-me- 
rous.  Jussieua 
repens  { Kesani,- 
dam)  is  an 
annua  1 her  b 
found  in  most  parts  of  India  floating  on  lakes  and  pools  of 


Jussieua  repens. 
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fresh  water ; in  flower  during  the  rainy  season ; the  floats  of 
cellular  tissue  attached  to  the  submerged  nodes  are  peculiar ; 
this  plant  is  exceptional  in  having  the  parts  of  its  flowers 
usually  in  fives.  Luclwigia  parviflova  (Ban  labanga)  is  a 
small  resinous  plant,  flowering  in  the  rainy  season  ; flowers 
small,  yellow.  Trap  a bispinosa  (Paniphal)  is  a plant  found 
floating  in  stagnant  water;  it  flowers  during  the  rains  ; the 
flowers  are  pure  white,  expanding  above  the  surface  of  the 
water  late  in  the  afternoon ; the  petioles  are  inflated,  and  act  as 
floats  ; the  fruit  is  triangular,  armed  with  two  strong  barbed 
spines  from  the  upper  angles : the  seeds  contain  unequal 
cotyledons. 

Other  genera  are:  CEnothcra,  L.;  ClarJcia,  Pursh.;  Lopezia 
Cav. ; and  Fuchsia  Plum.,  etc. 


Rhizophoracecc 


Are  trees,  rarely  shrubs ; natives  of  salt  swamps  and 
marshes,  where  they  root  in  the  mud,  forming  dense,  most 
unhealthy,  jungles  down  to  the  very  edge  of  the  ocean. 
The  leaves  are  opposite  stipulate ; calyx  valvate ; petals 
, pig.  |27.  often  fringed; 

stamens  definite; 
ovary  more  or 
less  adherent ; 
seeds  without 
endosperm ; ger- 
minating a n d 
forming  a long 
root  before  the 
fruit  falls  from 
the  tree. 

The  striking 
feature  of  this 
order  is  the  ger- 
mination of  the 
seeds  within  the 
fruit  while  yet 
attached  to  the 
tree;  the  radicle 
emerges  from  the 
P is  a 


Jill  iznphora  m ucron  a la . 


apex  of  the  fruit,  lihizophova  mucvonata  (Bhor: 
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native  of  the  delta  of  the  Ganges,  where  it  grows  to  be 
a tree  of  considerable  size ; the  flowers  are  white,  sweet 
scented,  and  appear  in  April  and  May.  The  bark  of  the 
plants  of  this  order  is  usually  very  astringent. 

Other  genera  are : Bruguiera  (Kankra),  Ceriops,  Arnott 
(Garan) ; Kandelia,  W.  and  A. ; and  Carallia,  Roxb. 


Combretacece 


Fig.  128. 


Are  trees  or  shrubs  with  opposite  or  alternate  simple 
leaves ; stamens  mostly  10  ; ovary  inferior,  1 -celled,  with 
pendulous  ovules ; seeds  without  endosperm. 

The  unilocular  1 -seeded  fruit  distinguishes  this  order 

from  its  near- 
e s t allies. 
Qui  squalls 
Indica,  the 
Rangoon 
creeper,  is  a 
large  scandent 
shrub,  with 
the  young 
shoots  very 
downy,  and 
with  opposite, 
or  nearly  op- 
posite, simple 
entire  leaves, 
and  terminal 
and  axillary 
spikes  of  slen- 
d e r reddish 
fi owers,  re- 
markable for 
their  long 
calyx-t  u b e s. 
Te  rminalia 

Quisqualis  Indica  (reduced).  Gutappa  ( Bfl- 

damjis  a beau- 
tiful large  tree,  the  branches  of  which  spread  horizontally ; 
the  flowers  are  small,  purplish  green ; they  appear  in  the 
hot  season;  the  wood  is  good;  and  the  kernels  of  the 
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fruit  are  eaten  as  almonds  : the  fruits  of  other  species  of 
Te'nninalia — T.  belerica  (Sahara)  and  T.  Gliebula  (Haritaki) 
— are  astringent.  Many  of  the  plants  of  this  order  are  valu- 
able timber-trees,  and  a number  are  cultivated  on  account 
of  their  flowers. 

Other  genera  are : Combretum,  Lofl. ; Poivrea,  Commers. ; 
Getonici,  Roxb. ; Anogeissus,  D.  C.  (common  in  Southern 
India) ; and  Lumnitzera,  Wild. 

Passifloracece 

Are  herbaceous  or  shrubby  plants,  climbing  by  tendrils ; 
flowers  hermaphrodite,  numerous ; filamentous  processes 
spring  from  the  tube  of  the  corolla  forming  what  is 
termed  the  corona ; stamens  5,  monadelphous ; ovary 
1 -celled,  superior. 

These  plants  are  most  numerous  in  tropical  (i.e.,  includ- 
ing Central)  America  and  the  West  Indies. 

The  superior  ovary,  the  presence  of  endosperm,  the 
coronet,  and  the  gynandrophore  bearing,  the  stamens  and 
ovary,  mark  this  order  out  very  clearly.  Passiflora 
quaclrangularis  is  a tropical  American  plant,  common 
in  gardens ; the  flowers  are  large  whitish  rose-coloured, 
variegated  with  blue.  The  beauty  of  the  flowers  and  foliage 
render  this  order  a favourite  one  for  cultivation.  Blocleccct 
trilobata  is  common  in  Chittagong;  the  flowers  are  yellow, 
and  they  appear  in  September  and  October.  The  corona 
of  Passion  flowers  is  an  outgrowth  from  the  flower  tube 
at  the  base  of  the  petals. 

Cucurbitacece 

Are  mostly  succulent  herbaceous  plants, 
prostrate  or  climbing  by  tendrils ; 
flowers  monoecious  or  dioecious;  sta- 
mens from  3 to  5,  often  united  by  their 
sinuous  anthers;  ovary  inferior,  3- 
celled  ; fruit  a pepo  ; seeds  mostly  flat- 
tened, without  endosperm. 

These  plants  form  a very  well  defined 
order.  From  Passifloraceie  they  are 
distinguished  by  their  inferior  ovary, 
unisexual  flowers,  peculiar  anthers,  and 
the  absence  of  endosperm.  They  differ 


Fig.  129. 


Section  of  Cucumber, 
showing  the  con- 
struction of  the  ovary. 
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in  habit,  floral  envelopes,  and  definite  stamens  from  the 
Begonias.  The  tendrils  of  this  order  are  generally  regarded 
as  partially  metamorphosed  leaves.  The  androecium  has, 
by  some  persons,  been  considered  to  consist  of  five  stamens 
with  unilocular  anthers  united  into  three  bundles ; other 
Botanists  believe  there  are  three  stamens,  one  with  a 1 -celled 
anther,  and  two  with  2- celled  anthers.  The  construction 
of  the  ovary  is  peculiar,  as,  though  the  placentas  are  termed 
parietal,  they  are  rather  an  excessive  case  ot  the  inflexion, 
which  ordinarily  produces  axile  placentation. 

The  plants  of  this  order  especially  abound  in  India. 
Momorclica  Charantici  (Karala) : flowers  middle-sized, 
yellow ; the  fruit  is  small  and  rough  coated.  Momorclica 
muricata  (Ochya),  a variety  of  M.  Charantia,  is  very 
largely  cultivated;  the  flowers  are  pale  yellow.  M. 


phalandra  Ind/tca  (Telakoocha)  grows  wild  in  every  hedge, 
and  seems  to  thrive  equally  well  in  every  soil ; the  fruit  is  red 
when  ripe,  and  is  greedily  devoured  by  birds.  Gitrullus 
vulgaris  (Tarmuj)  has  large  yellow  flowers,  which  appear 
in  January  and  February;  the  fruit  is  sometimes  known 
as  the  watermelon.  The  pulp  of  C.  Colocynthis  furnishes 
“ Colocynth.’  IJenincasa  cerifera  (Kumra),  pumpkin,  has 
large  yellow  flowers;  the  fruit  is  universally  eaten. 
■Lagenaria  vulgaris  (Lao),  the  bottle  gourd ; the  flowers 


Male  and  female  flowers  of 
Cucumis  mtlo. 


Fig.  130. 


dioica  is  also  large- 
ly cultivated.  Cu- 
cumis melo  (Khur- 
buj),  C.  sativus 
(Susa),  C.  utilissi- 
mus,  a variety  of 
Melo  (Kankoor), 
have  all  much  ap- 
preciated fruits. 
Cucurbita  maxima 
(Sulphuree  kumra) 
is  the  common 
gourd  ; the  flowers 
are  very  large, 
yellow,  and  appear 
in  the  rains  and 
cold  season.  Cc- 


136 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


are  large,  white;  the  hard  rind  of  the  fruit  is  used 
as  a oottle,  and  lor  making  a kind  of  stringed  instrument 
termed  sitar.  Trichosantkes  anguina  (Chichinga)  has  a 

large  white  flower, 
which  appears  in  the 
rains.  Luff  a pentan- 
clra  (Dhundul)  has 
large  yellow  flowers  ; 
the  fruit  forms  a kind 
of  pyxidium  by  the 
separation  of  the  scar 
of  tiie  calyx,  the 
upper  part  falling  off 
like  a lid  by  circum- 
scissile  dehisence.  L. 
cegyptiaca  ( Jhinga) 
has  large  yellow 
flowers,  which  open 
about  4 P.  M.  to  5 P.M.; 
the  fruit  is  largely 
used  as  a vegetable. 
The  form  of  the 
fruits  of  this  order  is  varied;  it  may  be  oval,  globular, 
bottle-shaped,  and  even  snake-like  in  form;  some  kinds 
are  dehiscent.  In  Momordica  and  others,  it  bursts  irregu- 
larly ; and  in  Ecbalium  agreste,  which  furnishes  “ Elateri- 
um,”  the  fruit  bursts  by  separating  from  the  peduncle. 

Begoniacece 

Are  succulent  herbs  with  alternate  leaves,  often  oblique  at 
the  base;  flowers  monoecious ; stamens  indefinite ; stigmas 
sinuous ; ovary  inferior,  3-celled ; fruit  capsular ; seeds  with- 
out endosperm,  on  forked  placentas. 

The  unequal  sided  leaves  are  characteristic  of  this  order, 
whence  they  are  called  elephants’  ears.  The  perianth 
segments  are  usually  all  petaloid.  The  species  of  this 
family  nearly  all  belong  to  the  genus  Begonia ; the  silvery 
appearance  of  the  leaves  in  some  of  them  is  owing  to  a 
film  of  air  under  the  epidermis  ; the  stomata  are  frequently 
collected  in  clusters.  Begonia  (any  species)  are  herbs,  with 
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alternate  stipulate,  obliquely  cordate,  leaves,  and  axillary 
2-flowered  peduncles,  of  pale  pink,  white,  yellow,  or  deep 
red  unisexual  flowers.  Many  Begonias  are  remarkable  for 
the  production  of  adventitious  buds  from  various  parts  of 
their  surface. 


Fig.  132, 


Papciyacece 

Are  trees  or  shrubs,  sometimes  with  an  acrid  milky  juice 
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alternate,  lobed,  long-stalked  leaves,  and  unisexual  flowers ; 
ovary  free,  1-celled  ; seeds  endospermic. 


Fig.  133. 


Female  flower  of  Carica  papaya. 


Fig.  134. 

Male  flowers  of  Carica  papya. 


This  orde  r 
stands  near  Cu- 
curbitacese  and 
Passifloracese : 
from  the  first  it 
is  distinguished 
by  its  free  ovaiy, 
and  from  the  lat- 
ter by  its  usually 
unisexual  flowers 
without  a coro- 
net. Bentham 
and  Hooker  in- 
clude it  under 
Passifloracese. 

Carica  rpapaya 
(Pepiya),  a tree 
cl  o mesti  cated 
from  South 
America,  is  culti- 
vated in  gardens 
all  over  India  for 
the  sake  of  its 
fruit ; the  female 
and  male  flowers 
are  produced  on 
different  trees ; 
the  latter  in  very 
large  numbers ; 
fertilization  is 
probably  aided 
by  wind,  though 
insects  undoubt- 
edly assist  in  the 
process.  The 
milkyjuiceof  the 
unripe  fruit  is 
sometimes  used 
in  medicine. 
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Cactacece 

Are  mostly  leafless  plants  (or  only  furnished  with  scale- 
like leaves),  with  fleshy  and  thickened  stems  of  peculiar 
aspect,  usually  armed  with  prickles ; flowers  solitary, 
sessile  ; the  calyx  and  corolla  generally  undistinguishable 
and  imbricated  in  numerous  rows,  adherent  to  the  1-celled 
ovary,  with  parietal  placentas ; stamens  indefinite ; style 
multifid. 

These  plants  are  almost  exclusively  found  in  the  dryer 
parts  of  tropical  America,  ascending  into  temperate  regions 
in  the  mountains.  They  are  generally  distinguishable  at 
first  sight  by  their  peculiar  succulent  stems  and  the 
absence  of  true  leaves.  Opuntia  dillenii  (Nagpherni),  from 

Fig.  135. 


Opuntia  dillenii  (reduced). 

South  America,  is  now  domesticated  all  over  India  ; the 
stems  are  jointed,  oblong,  and  much  compressed;  the  thorns 
generally  simple,  long,  and  straight,  issuing  from  tufts  of 
sharp  bristles;  the  flowers  are  large,  yellow,  and  appear 
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chiefly  during  the  hot  season,  and  more  or  less  during  the 
rest  of  the  year.  Cereus  triangularis,  from  Mexico,  is  now 
found  in  many  parts  of  India  growing  epiphytic  on  large 
trees.  Cereus  hexagonus  is  also  very  common  ; it  belongs 
to  the  columnar  modification.  The  globular  Echinocactus  is 
occasionally  cultivated  as  a curiosity.  A species  of  Rhip- 
salis  occurs  in  Ceylon. 

Umbelliferce 

Are  herbs  usually  with  fistular  stems  and  alternate  exstipu- 
late,  generally  deeply  divided,  leaves,  sheathing  at  the  base ; 
flowers  in  umbels ; stamens  5,  epigynous ; styles  2 ; 
carpels  (mericarps)  2,  separating  when  ripe,  dry,  inde- 
hiscent,  remaining  attached  above  to  an  entire,  bifid  or 
bipartite  carpophore;  the  pericarp  developes  longitudinal 
ridges  (juga),  with  intervening  depressions  (valleculse),  in 
which  frequently  are  formed  oil-bearing  channels  called 
vittae. 

This  order  is  of  small  importance  in  Indian  botany : 
it  is  most  abundant  in  the  northern  and  central  parts 
of  Europe,  Asia,  and  America,  and  is  also  common  at 
high  elevations  on  the  Himalayas.  The  most  important 
qualities  of  this  order  are  the  aromatic  oils  developed  in  the 
vittcB  of  the  mericarp,  and  the  medicinal  resinous  sub- 
stances found  in  other  parts  of  the  plant. 

The  essential  character  of  the  order  lies  in  the  fruit,  by 
which  it  is  distinguished  from  all  other  families.  Daucus 
carota  (Gajar)  is  found  only  in  a cultivated  state  in  India  ; 
it  flowers  during  the  cold  season.  Coriandrurn  sativum 
(Dhanya)  is  a herbaceous  plant,  with  an  erect  hollow  stem, 
and  alternate,  sheathing,  much-divided  leaves,  and  small 
white  flowers  in  terminal  compound  umbels,  which  appear 
during  the  cold  season.  Pencedanum  graveolens  (Sulpha) 
is  cultivated  for  its  aromatic  seeds  ; the  flowers  are  small, 
yellow,  and  appear  in  February.  Famiculum  vulgare 
is  also  cultivated  for  its  seeds,  which  have  a pleasant,  sweet, 
warmish  taste.  Hydrocotyle  Asiatica  (Thalcuri)  is  a 
common  creeping  plant,  found  in  moist  shady  places ; it  has 
long  petioled  reniform  crenate  leaves ; the  flowers  are  in 
simple  umbels,  small,  purplish  red,  and  appear  during  the 
rains  and  cold  season;  this  plant  is  very  widely  distributed, 
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being  found  in  Africa,  South  America,  and  Australia.  Pim- 
pinella,  involucrata  (Randhani) : the  seeds  are  aromatic, 
pungent.  Seseli  Inclicum  (Hanjoan),  found  in  shady  moist 
places  ; the  seeds  are  used  as  a medicine  for  cattle. 
Carum  ccirvi  (Caraway)  grows  abundantly  at  high  eleva- 
tions in  the  Himalayas  and  throughout  Europe  and  tem- 
perate Asia.  Carum  copticum  is  much  cultivated  in  India 
for  its  aromatic  oil. 

Other  genera  are  : Anethum,  L.;  Ferula,  L.  (Assafoetida) ; 
Dorema  (Ammoniacum);  Conium,  L. ; and  Cuminium,  L. 


Araliacece 

Are  trees,  shrubs  or  herbs,  with  alternate  simple  or  com- 
pound leaves  ; petals  and  stamens  epigynous  ; styles  usually 
more  than  2 ; fruit  3 or  more-celled,  usually  succulent, 
with  one  endospermic  seed  in  each  cell. 

The  Araliace®  are  distinguished  from  Umbelliferse,  their 
nearest  allies,  by  the  ovary  having  more  than  two  carpels 
which  do  not  separate  in  the  fruit,  but  become  drupaceous  or 
baccate,  and  in  having  fleshy,  in  place  of  horny,  endosperm. 
Panax  fruticosum  is  a shrub  cultivated  in  most  gardens, 
with  decompound  leaves ; leaflets  lanceolate,  acutely  serrate  ; 
umbels  globular,  in  terminal  panicles ; the  flowers  are 
small,  brownish  green,  and  appear  in  May  and  June. 
P.  pseudo-ginseng  is  a native  of  Nepal,  and  is  closely 
allied  to  P.  ginseng,  which  yields  the  famous  Ginseng  of  the 
Chinese,  used  as  a restorative.  Hedera  Helix,  Ir.,  common  in 
Britain,  is  likewise  a native  of  the  Himalaya  and  Ivhasia 
mountains.  The  substance  called  rice-paper,  prepared  by 
the  Chinese,  consists  of  thin  sheets  of  the  pith  of  a species 
of  Fatsia.  Paratropia  venulosa  is  a small  tree,  with  alter- 
nate digitate  smooth  leaves,  and  numerous  umbels  of  very 
small  flowers,  arranged  in  terminal  panicles. 


Rubiacece. 

Are  herbs,  shrubs,  or  trees,  with  opposite  entire  leaves  and 
interpetiolar  stipules,  or  with  verticillate  leaves ; calyx 
adherent  to  the  2 to  4-celled  ovary  ; stamens  as  many  as  the 
corolla,  epipetalous  ; ovules  anatropal ; seeds  perispcrmic. 
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The  presence  of  interpetiolar  stipules,  either  small 

or  resembling 
leaves,  is  one  of 
the  principal 
characters  o f 
this  order ; the 
inferior  ovary 
distinguishes  it 
from  Logania- 
cese.  I x o v a 
coccinea  is  a 
shrubby  plant 
about  three 
feet  high,  with 
oblong,  cordate, 
sessile,  acute, 
smooth,  entire 
leaves,  and  ter- 
minal dense 
clusters  of 
bright  scarlet 
flowers,  which 
appear  all  the  year  round.  Ixora  Bandhuca,  a variety  of 
coccinea  (Rangan),  is  a ramous  bushy  shrub  with  opposite 
stem  clasping,  oblong,  obtuse,  entire,  smooth  leaves,  with  a 
small  terminal  point ; flowers  numerous,  scarlet,  changing 
to  crimson.  Gardenia  florida  (Gandharaj)  is  a large,  very 
ramous,  shrub,  with  large  white  fragrant  flowers,  which 
are  often  double  from  a multiplication  of  the  cohering 
petals  and  change  of  stamens  into  petals.  Anthocephalus 
cadamba  (Kadam)  grows  to  be  a large  tree ; flowering 
time  the  hot  season;  the  flowers  form  a large,  perfectly 
globular,  orange-coloured  head,  with  the  large  white  clubbed 
stigmas  projecting.  Musscenda  maGrophylla  is  striking 
on  account  of  the  foliaceous  development  of  one  calyx 
lobe.  Ixora  pavetta  (Kukurchura)  is  a middle-sized 
shrub  common  on  roadsides,  hedges,  uncultivated  land, 
&c.,  where  there  is  a good  soil;  the  flowers  are  white, 
somewhat  fragrant,  and  appear  in  April  and  May.  Coffea 
Arabica  is  a shrub,  with  oblong  ovate  acuminate  leaves 
and  axillary  white  flowers.  Coffee  consists  of  the  horny 


Fig.  136. 


Ixora  coccinea. 
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endosperm  of  the  seeds,  which  are  produced  in  a suc- 
culent berry.  Rubia  cordifolia  (Mandista) : root  peren- 
nial ; stems  scandent,  climbing  over  trees  and  bushes : the 
roots,  stems,  and  larger  branches  are  used  as  a red  dye 
(Indian  madder).  The  most  important  genus  of  the  order 
is  Cinchona,  of  which  there  are  many  species  indigenous 


near  Darjiling,  the  great  majority  of  these  plants  are 
of  the  Succirubra  species.  The  Calisaya  species  and  other 
hybrid  varieties  are  also  cultivated.  Cinchona  is  also 
grown  on  the  mountains  in  Southern  India.  Iiedyotis 
racemosa  (Gandha  bhadali) : the  flowers  are  small,  white, 
and  appear  in  the  rainy  season. 

The  Rubiacese  form  a very  extensive  group,  and  are 
often  divided  into  two  oi’ders — Cinchonacese  and  Stellatre  ; 
the  former  are  chiefly  natives  of  warm  climates,  most 
of  them  tropical;  the  Stellatee  belong  mainly  to  the 
northern  and  the  mountains  of  the  southern  hemisphere. 
Many  of  the  commonest  tropical  weeds  belong  to  this 
order. 

Ipecacuanha  is  the  root  of  a Brazilian  species  of  Cephalis. 
Gambir  is  an  astringent  extract  obtained  from  the  leaves 
of  U ncaria  Gambir  of  the  Malayan  Peninsula. 


Flowers  of  Cinchona. 


Fig.  137. 


in  South  America, 
from  which  the  valu- 
able febrifuge  Qui- 
nine is  obtained ; 
the  plants  were  ori- 
ginally procured 
from  the  slopes  of 
the  Andes  at  an 
elevation  of  about 
7,000  to  8,000  feet. 
A large  number  of 
these  trees  are  now 
grown  in  the  Govern  - 
m e n t plantations 


Composited 

Are  herbs  or  shrubs  with  alternate  or  opposite  leaves, 
with  the  flowers  in  dense  heads,  upon  a common  receptacle, 
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surrounded  by  an  involucre ; stamens  usually  5 ; anthers 
syngcnesious  ; ovary  inferior,  1 -celled,  with  one  erect  ovule  ; 
seeds  without  endosperm. 

This  order,  which  is  the  most  numerous 


Fig.  138. 


ponds  to  Composite. 

This  extensive  order 
orders : — 


in  genera  and 
species,  a n d 
by  some  au- 
thors regard- 
ed as  the  most 
perfect  in  the 
vegetable 
kingdom,  i s 
likewise  very 
natural;  its 
distin  guish- 
i n g features 
being  very 
evident  in  al- 
most every 
genus.  T h e 
L i n n se  a n 
class,  Synge- 
nesia,  corres- 


is  divided  into  the  three  sub- 


First. — Tubulijloreai.  The  central  or  all  of  the  flowers 
are  tubular,  hermaphrodite,  with  5,  rarely  4,  equal  teeth. 
Vernonia  cinerea  (Koksim) : this  plant  is  one  of  the  most 
common  in  every  part  of  India,  and  it  is  in  flower  all  the 
year ; the  flowers  are  small,  light  purple,  and  the  pappus  is 
hairy.  Vernonia  anthfdmint  Idea  (Somra'})  is  an  erect  annual, 
commonly  found  on  high  uncultivated  ground  or  rubbish ; it 
flowers  during  the  cold  season.  Adenostemma  leiocarpum 
(Barakeshuti) : stem  below  resting  on  the  ground,  above 
erect,  round,  very  slightly  hairy  ; from  two  to  four  feet 
long  ; the  flowers  are  small,  white,  and  appear  in  February 
and  March.  Eclipta  erecta  (Keshuri)  has  small  white 
flowers ; it  flowers  the  whole  year.  Zinnia  elegans,  a com- 
mon garden  annual  imported  from  America,  with  opposite 
entire  leaves  and  terminal  solitary  heads  of  variously 
coloured  florets.  Wedelia  calendulacea  (Keshraj ) is  a creep- 
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ino-  perennial,  with  opposite  broad  lanceolate  serrate  leaves, 
and  bright  yellow  flowers,  which  appear  in  the  rains. 
Enhydra  Heloncha,  a native  of  Bengal,  growing  in  moist 
rich " soil ; flowering  time  the  cold  and  hot  season  ; florets 
white,  the  achenes  invested  by  the  palese,  each  surrounded 
by  an  involucre  (Syngenesia  segregata).  Calendula  offici- 
nalis (Marigold),  domesticated  in  India  ; it  flowers  during 
February  and  March.  Pyrethrum  Indicum  (Chandramul- 
lika)  is  common  in  gardens  ; the  flowers  are  yellow.  Car- 
thamus  tinctorius  (Kusum) : flowers  deep  orange ; it  is 
cultivated  in  India  for  the  dye  obtained  from  it,  as  also  for 
the  oil  got  from  the  seeds.  Verbesina  elongata  is  a very 
common  plant  growing  on  walls,  the  flowers  are  yellow. 

Second. — Labiatijlorce.  Flowers  usually  2-lipped,  or 
deeply  5-partite.  Gerbera  and  a few  other  genera  are 
represented  in  the  Himalayas,  but  most  of  this  sub-order 
are  South  American. 

Third. — Ligulifiorce.  All  the  flowers  are  hermaphrodite 
and  ligulate.  Sonchus  orixensis  (Ban-pal  ang),  an  annual 
growing  on  rubbish,  with  an  erect  stem  from  three  to  six 
feet  high ; flowers  numerous,  large,  yellow ; they  appear 
during  the  latter  part  of  the  cold  season. 

The  species  are  more  numerous  than  those  of  any  other 
order ; more  than  10,000  being  known.  The  Tubulifiorce  are 
most  abundant  in  hot,  the  Ligulifiorce  in  cold,  climates  ; 
the  Labiatijlorce  being  almost  entirely  confined  to  extra- 
tropical  South  America ; bitterness  is  the  prevailing  quality 
of  the  order. 

Other  genera  are : Anthemis,  L. ; Artemisia,  L. ; Arnica, 
Berthelotia  Notonia,  D.C. ; Cacalia  Eapatorium,  Tournef ; 
Aplotaxis,  D.C.;  Chrysanthemum,  L. ; Blumea,  D.C. ; Tar- 
axacum, Hall ; Lactuca,  Tournef,  &c. 


Plumbaginacece 

Are  herbs  or  dwarf,  and  usually  spiny,  rarely  climbing, 
shrubs,  with  regular  5-merous  flowers ; the  five  stamens 
superposed  to  the  petals  or  lobes  of  the  corolla ; ovary 
1 -celled,  with  five  styles  ; ovule  solitary. 

The  position  of  the  stamens  and  number  of  styles  sepa- 

10 


146  A TEXT-BOOK  OF  INDIAN  BOTANY. 

rate  this  order  from  its  nearest  allies.  Plumbago  zeylanica 


Fig.  139. 


Plumbago  zeylanica. 
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(Chita)  is  a shrubby  garden  plant,  with  alternate  simple 
leaves  and  long  viscid  hairy  spikes  of  regular  white,  pale 
blue,  or  rose-coloured  flowers.  Preparations  of  the  root  are 
used  in  medicine  (tita). 

Most  of  the  species  of  this  order  are  sea-coast  or  salt 
marsh  plants,  or  natives  of  the  saline  plains  to  the  north- 
west of  India. 


Myrsinacece 

Are  trees  or  shrubs  with  alternate  simple  leaves  and  regu- 
lar flowers  ; stamens  4 to  5,  opposite  the  lobes  of  corolla ; 
ovary  1 -celled,  with  free  central  placenta. 

This  order  represents  the  Primulacece  in  hot  climates ; 
between  them  no  absolute  distinctive  character  can  be 
drawn,  excepting  that  the  Myrsinacece  are,  as  a rule, 
shrubs  or  trees  with  more  or  less  succulent  fruits,  while 
the  Primulacece  are  herbs  with  dry  capsular  fruits.  Ardisia 
humilis  (Banjam)  is  a small  tree  or  large  shrub,  a native  of 
moist  places ; in  flower  and  seed  nearly  the  whole  year ; the 
leaves  are  alternate,  smooth,  entire ; and  the  flowers  are  of 
a pale  rose-colour,  arranged  in  axillary  racemes.  PEgiceras 
majus  (Halsi)  is  a small  tree,  a native  of  the  delta  of 
the  Ganges  and  such  other  places  as  are  overflowed  at 
spring-tides ; flowering  time  the  hot  season. 

Other  genera  are : Badula,  Juss ; Myrsine,  L.  R Br.;  Em- 
belia,  For  sic , and  Mcesa,  Juss. 


Ebenacece 

Are  trees  or  shrubs  with  alternate  entire  leaves  and 
regular  dioecious  flowers,  often  with  numerous  stamens 
free  from  the  corolla ; fruit  a several-cellcd  berry ; seeds 
endospermic. 

This  order  differs  from  the  Scipotacece  by  the  hardness 
of  its  wood  and  the  absence  of  milky  juice,  by  the 
cells  of  the  ovary  being  2-ovulate,  &c. : the  plants  are 
distributed  mostly  in  tropical  India.  Diospyros  corclifolia 
(Ban-gab),  a tree  found  over  most  parts  of  India,  with 
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alternate  simple  leaves  ancl  drooping  dioecious  small 
greenish-white  flowers.  Diospyros  tomentosa  (Tamal),  a 
native  of  the  northern  parts  of  Bengal,  where  it  grows  to 
be  a tree  of  great  size ; the  wood  is  black,  hard,  and  heavy ; 
the  flowers  are  small,  whitish,  and  appear  in  March  and 
April.  D.  embryopteria  (Gab),  the  viscid  juice  of  this  tree 
is  sometimes  rubbed  on  the  bottom  of  boats,  to  keep  them 
watertight ; fishing-nets  are  occasionally  steeped  in  an 
infusion  of  it,  to  render  them  more  durable. 

Other  genera  are : Royena,  L. ; and  Maba,  Forst. 


StyracecB 

Are  trees  or  shrubs  with  simple  alternate  leaves,  and  usually 
hermaphrodite  flowers ; stamens  numerous,  epipetalous ; 
ovary  2 or  more  celled ; cells  1-ovuled. 

The  flowers  of  this  order  frequently  have  an  adherent 
calyx,  a simple  style,  and  a capitate  stigma,  which  distin- 
guish them  from  Ebenacece.  Symplocos  racemosa  (Lodh)  is  a 
small  tree  of  from  12  to  20  feet  high  ; flowering  time  the 
month  of  December ; the  flowers  are  usually  solitary,  small, 
of  a yellow  colour ; the  red  powder  used  during  the  hoolee 
holidays  is  made  from  the  bark  of  this  tree.  The  gum 
Benzoin,  used  as  medicine,  is  the  balsamic  resin  obtained 
from  Sty  rax  Benzoin,  a native  of  the  Malayan  Archipelago. 


Sapotacece. 

Are  trees  or  shrubs  with  alternate  entire  leaves  and  milky 
juice  ; flowers  regular;  stamens  superposed  and  attached  to 
the  lobes  of  the  corolla,  alternate  with  scales  or  sterile 
stamens;  anthers  extrorse ; ovary  2 to  12-celled;  seeds 
endospermic. 

This  order  differs  from  Ebenacece  in  its  milky  juice  and 
the  wood  being  generally  of  a softer  character,  and  by  the 
usually  hermaphrodite  flowers,  epipetalous  stamens,  and 
2-ovulate  cells  of  the  ovary.  Mimusops  elengi  (Bakiil) 
is  a middle-sized  ornamental  tree,  common  in  gardens, 
with  alternate,  entire,  smooth  leaves  and  axillary  fascicles 
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of  white  fragrant  flowers.  A chras  sapota  is  much  culti- 

Fig.  140. 


A chras  sapota  (reduced). 

vated  for  its  luscious  fruits,  which  have  the  appearance 
of  old  potatoes.  Bassia  latifolia  ( Mahua)  is  a small  sized 
useful  tree,  with  alternate  petioled  leaves,  crowded  about  the 
extremity  of  the  branches ; the  flowers  are  white,  and 
appear  in  March  and  April ; they  are  sometimes  eaten  : the 
wood  is  hard,  and  very  strong.  The  fruit  of  Chrysophyllum 
C'ainito  is  known  as  the  star-apple.  Isonandra  gutta  is 
the  tree  from  which  guttapercha  is  obtained  by  evaporating 
the  milky  juice ; it  is  a native  of  the  Malayan  Peninsula. 

Other  genera  are  : Lvxuma,  Juss;  Imbricaria,  Commers; 
and  Sideroxylon,  L. 


Oleacecu 

Are  trees  or  shrubs,  often  with  twining  stems;  leaves  mostly 
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opposite  ; stamens  2 ; ovary  superior,  2-celled,  with  one  to 
four  ovules  in  each  cell ; fruit  a berry  or  capsule  ; seeds  with 
or  without  endosperm. 

The  two  stamens  alternating  with  the  carpels  distin- 
guish Oleacecv  from  nearly  all  gamopetalous  orders  with 
regular  flowers.  Jasminum  sambac  (Ban  mallika)  is  a 
shrubby  twining  plant,  with  opposite  subsessile  leaves, 
common  all  over  India ; the  flowers  are  white,  and 
delightfully  fragrant;  there  are  three  varieties  of  it — 
a single,  and  two  double — all  flower  during  the  rains. 
J.  hirsutum  (Koondo)  and  J.  ciuriculatum  (Jooin)  are 
common.  Nyctanthes  arbortristis  (SingaMr,  Siuali)  is  a 
large  shrub  or  small  tree  cultivated  in  gardens ; the  flowers 
are  very  fragrant,  honey-scented;  they  open  at  sunset 
and  fall  off  at  sunrise ; the  tube  is  orange-coloured,  and 
the  border  white ; they  are  used  as  a dye.  Ligustrum 
robustum  is  a tree  with  opposite  entire  leaves  and  panicles 
of  small  white  flowers.  Olea  Europcea  is  one  of  the 
most  important  plants  of  the  order,  largely  cultivated  in 
Asia  Minor,  the  south  of  Europe,  and  the  Islands  of  the 
Mediterranean,  for  the  bland  oil  expressed  from  the  fleshy 
pericarp  ; it  is  used  in  the  preparation  of  medicine,  and 
is  also  largely  used  for  food  in  the  countries  bordering 
the  Mediterranean,  and  in  more  northern  countries  in  salads, 
&c. ; also  extensively  employed  in  the  arts  and  manu- 
factures. 

Other  genera  are  : Fraxinus,  Tournef ; Noronhia,  Pet. 
Th.;  Chondrospermum,  Wall;  and  Ornus,  Pers. 


Apocynacece 

Are  trees  or  shrubs,  often  climbing  or  twining,  with  entire, 
mostly  opposite,  exstipulate  leaves  ; flowers  regular ; corolla 
twisted  in  the  bud;  stamens  5,  alternate  with  corolla 
lobes ; pollen  granular ; ovary  usually  2-celled,  composed 
of  two  carpels,  coherent  or  free  in  the  ovaries  and  stylar 
region,  and  quite  blended  in  the  dumbbell-shaped  stigma  ; 
seeds  endospermic,  often  comose  or  winged. 

The  nearest  affinity  is  Asclepicidaceai,  from  which  they 
are  chiefly  distinguished  by  the  freedom  of  the  stamens 
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from  the  stigma  and  the  granular  pollen.  Vinca  . rosea 


white,  delightfully  fragrant  flowers.  Beaumontia  grandi- 
fiora  is  a native  of  the  hilly  parts  of  Chittagong;  the  flowers 
are  very  large,  white,  with  a greenish  yellow  throat.  Taber- 
ncemontana  coronaria  (Phirki-tagar),  a shrub  common  in 
gardens  all  over  India  ; it  is  in  flower  the  greater  part  of 
the  year  ; the  flowers  are  pure  white,  and  fragrant ; there  is 
a double  variety,  which  is  even  more  common  than  the 
single.  A Istonia  scholaris  (Chatin),  a tree  common  in  forests 
throughout  India  ; the  flowers  are  small  greenish  white,  the 
bark  is  a powerful  tonic.  Plumiera  acuminata  (Gobariya 
champa)  is  a large  shrub,  very  common  in  gardens  ; the 
trunk  is  from  six  to  ten  feet  high,  branches  numerous,  three- 
forked, swollen  towards  the  buds;  the  heightof  the  whole  tree 
from  fifteen  to  twenty  feet;  leaves  crowded  about  the  ends 
of  the  bran  chi  ets;  flowers  numerous,  succeeding  one  another 
for  a great  length  of  time ; on  the  outside  they  are  tinged  with 
red,  the  inside  pale  yellow  below,  whitish  above  ; fragrant, 
especially  during  the  night.  Carissa  Carandas  (Karamcha) 


Fig.  141. 


(Galphiringi)  is  a 
perennial,  erect, 
ramous  herb,  with 
opposite  entire 
leaves  and  axil- 
lary rose-coloured 
or  white  flowers 
in  pairs  ; common 
in  gardens  in 
every  part  of  In- 
dia, and  in  flower 
the  whole  year. 
Nerium  Oleander 
(Karabi),  common 


Vinca  rosea  (reduced). 


ties,  double  and 
single,  white  and 
red,  &c.  Echites 
caryoph  yll  at  a 
(Ganclha-ma  1 ati) 
has  large,  pure, 
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is  a large  common  shrub,  the  branches  are  numerous,  two- 
forked,  rigid,  smooth,  and  round ; spines  constantly  in  pail’s 
at  the  divisions  of  the  branches;  flowers  pure  white,  inodour- 
ous ; the  friut  is  sometimes  eaten.  Theveticc  nerifolia 
(Kalika)  is  a Mexican  plant  domesticated  all  over  Bengal ; 
the  flowers  are  bright  yellow,  sweet-scented,  and  flowers 
throughout  the  year. 

Other  genera  are:  Ilolarrhenci,  R.  Br. ; Ichnocarpus,  R.  Br. ; 
Cevbera,  L. ; Ophioxylon,  L. ; Rliazya,  &c. 

Asclepiadacece 

Are  shrubs  or  herbs,  often  twining,  with  milky  juice  and 
opposite  entire  exstipulate  leaves;  flowers  regular;  corolla 
mostly  contorted,  rarely  valvate  ; stamens  5 ; stigma  cohe- 
rent into  a 5-angled  fleshy  head,  to  which  the  anthers 
are  adherent ; pollen  coherent  into  wax-like  or  granular 
masses ; carpels  2,  usually  distinct  in  the  ovary,  united  in  the 
style  and  stigma ; seeds  with  thin  endosperm,  often  comose. 
The  curious  oi’ganization  of  the  stigma  and  pollen  is 

the  great  distinguishing 
marks  of  this  order,  which 
in  other  respects  is  nearly 
allied  to  Apocynacean.  Calo- 
tropis  gigantea  (Akanda) : 
this  is  one  of  the  most  com- 
mon herbaceous  shrubs  in 
India ; it  is  in  flower  all  the 
year  round  ; it  grows  every- 
where, but  chiefly  about 
old  walls,  hedges,  and  waste 
places  : there  are  two  varie- 
ties— the  white  and  the 
purple — which  differ  only  in 
colour  ; preparations  of  the 
plant  are  sometimes  used  in 
medicine,  and  the  fibre  of  the 
bark  is  sometimes  employed 
for  textile  purposes.  Hemi- 
desmus  Indicus  (Anantu- 
nml)  is  a common  twining 


Fig.  142. 


Calotropls  gigantea  (reduced). 
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shrub,  with  ovate  to  linear  smooth  shining  leaves  ; it  flowers 
during  the  wet  season;  the  roots  are  used  as  a substitute  for 
Sarsaparilla.  Tylophora  asthmatica  (Antu-mul)is  a peren- 
nial twining  plant,  common  almost  everywhere ; the  roots  are 
employed  as  a substitute  for  Ipecacuanha.  Dcemia  extensa 
(Chagal  banti)  is  a perennial  twining  herb,  a native  of 
hedges  ; flowering  time  the  wet  and  cold  season  ; the  leaves 
are  opposite,  petioled,  broad,  cordate;  the  flowers  are  of  a pale 
green,  internally  tinged  with  purple.  Pergularia  ocloratis- 
sima  (Kanja-lata),  a creeper  common  over  Bengal  and  Bur- 
mah  ; the  flowers  are  on  the  outside  whitish,  inside  of  a 
greenish  orange-colour,  and  delightfully  fragrant.  Cynan- 
chum  paucifiorum  (Chagalpati),  a creeper  common  over  the 
Peninsula  of  India ; the  flowers  are  small,  rust-coloured. 
Several  species  of  this  order  are  favourite  garden  flowers,  espe- 
cially Stephanotis  and  Hoy  a Carnosa,  which  has  wax-like 
leaves  and  blossoms,  sometimes  very  handsome.  In  the  genus 
Dischidia,  the  leaves  are  sometimes  converted  into  pitchers. 

Other  genera  are : Asclepias,  L. ; Secamone,  R.  Br. ; Dce- 
mia,  R.  Br. ; Gymnena,  R.  Br.,  &c. 

Loganiacece. 

Trees,  shrubs,  or  herbs,  with  opposite  entire  leaves  andinter- 
posed stipules;  flowers  regular;  stamens  as  many  as, and  alter- 
nate with,  the  corolla  lobes ; ovary  superior,  usually  2-celled. 

As  Bentham  has  remarked,  this  order  consists  on  the 
the  whole  of  Rubiacece,  with  a free  ovary ; the  main 
difference  from  Apocynacece  and  Gentianacece  lies  in  the 
stipules.  Strychnos  nuxvomica  (Kuchila),  a middling  sized 
tree ; in  flower  during  the  cold  season,  with  opposite  oval 
shining  smooth  leaves,  from  3 to  5-nerved ; flowers  small, 
greenish  white,  collected  in  terminal  cymose  panicles ; fruit 
smooth,  of  an  orange  yellow  colour,  when  ripe ; seeds 
several,  immersed  in  the  pulp,  which  is  eaten  by  birds. 
Strychnine  is  an  alkaloid  obtained  from  the  seed.  Strych- 
nos potatorum  (Nimunali),  a tree  larger  than  Nuxvomica  ; 
the  flowers  are  greenish  yellow  ; the  ripe  seeds  are  dried, 
and  sold  in  every  bazar  for  the  purpose  of  clearing  muddy- 
water ; the  impurities  settle  to  the  bottom  when  such  water 
is  poured  into  vessels  which  have  been  rubbed  out  with  one 
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of  the  seeds.  Fagrcea  fragrans,  a tree  growing  in  China 
and  the  Malayan  Peninsula,  the  bark  of  which  has  been 
found  effectual  in  the  treatment  of  malarious  fevers. 


Gentianacece 

Are  herbs,  or  rarely  shrubs,  with  bitter  juice  and  opposite 
entire  exstipulate  leaves,  or  aquatic  plants  with  floating 
alternate  leaves;  flowers  regular,  with  a persistent  calyx ; 
stamens  as  many  as,  and  alternate  with,  the  lobes  of  the 
corolla ; ovary  1-celled,  with  two  parietal  placentas  and  in- 
definite ovules ; seeds  with  copious  endosperm. 

The  parietal  placentation,  the  coherent  carpels,  and  the 
want  of  milky  juice  separate  this  order  from  Apocynctcecv, 
its  nearest  ally.  Exacum  tetragonum  (Kuchari)  is  an  erect 
annual  herb,  with  sessile  lanceolate,  5-nerved  leaves,  and 
numerous  terminal  beautiful  blue  flowers;  it  grows  amongst 
long  grass,  and  flowers  during  the  rains ; in  the  ovary,  the 
placentas  project  into  the  cavity,  and  meet,  so  as  to  make 
it  almost  completely  2-celled.  Villcirsia  Indica  (Bara- 
chub)  is  found  floating  on  fresh-water  tanks;  flowering 
time  the  cold  season  ; the  leaves  are  round,  cordate ; the 
flowers  are  middle-sized,  with  a yellow  tube  and  white 
bearded-limb.  Villarsia  cristata  (Chub)  is  also  a native 
of  pools  of  fresh  water,  where  it  floats,  often  not  reaching  the 

Fig.  143. 


Villarsia  cristata. 
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bottom  with  its  roots ; the  flowers  are  small,  white,  and 
appear  in  the  rains  and  cold  season.  Chiretta,  so  much 
prized  in  India  as  a tonic,  is  the  dried  plant  Swertia 
cherayta,  a native  of  the  Himalayas.  The  large  genus 
Gentiana  inhabits  the  mountains  of  temperate  and  hot 
climates.  (The  Indian  Villarceas  are  sometimes  now  refer- 
red to  the  genus  Limnanthemum.) 

Other  genera  are  : Swertia  and  Erythrcea,  Rich,  &c. 

Solanacece 


Are  herbs,  shrubs,  or  sometimes  trees,  with  alternate  ex- 
stipulate  leaves,  and  regular,  or  slightly  irregular,  flowers ; 
often  extra  axillary;  stamens  as  many  as,  and  alternate 
with,  the  corolla  lobes  ; corolla  plaited  in  aestivation;  ovary 
2-celled ; seeds  endospermic ; embryo  curved. 


Fig.  144. 


This  order,  so 
abundant  in  the 
tropics,  passes  by 
almost  insensible 
gradations  into 
Scrophu  lariacece ; 
the  latter  have, 
however,  an  im- 
bricated aestiva- 
tion of  the  usually 
irregular  corolla, 
rarely  5 perfect 
stamens,  and  a 
straight  embryo. 
Solarium  melon- 
gena(  Begun),  cul- 
tivated all  over 
India;  is  a peren- 
nial ; leaves  ob- 
liquely ovate; 
downy  1 o b e d 
flowers,  long  pe- 
duncled,  droop- 


Solarium  melon yena. 

mg,  of  a violet  colour ; there  are  many  varieties  of  this  useful 
species.  Solanum  jacquini  ( Kanta-kari),  a very  pricklv 
spreading  biennial;  leaves  frequently  in  pairs,  oblong 
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Fig.  145. 


Section  of  the  capsule 
of  Datura. 


pinnatifxl,  smooth,  armed  on  both  sides  with  long  straight 
prickles ; flowers  in  extra  axillary  peduncles,  of  a bluish 
colour  ; the  fruit,  while  immature,  is  variegated  green  and 
white  ; when  ripe,  of  a yellow  colour.  Solanum  tuberosum 

(Bilati  alu),  introduced  from  South 
America,  and  now  cultivated  all  over 
the  world ; the  flowers  are  of  a white 
or  bluish  colour.  S.  verbascifolium 
(Aras),  a large  shrub  with  alternate 
oblong  entire  leaves  and  small  white 
numerous  flowers,  which  appear  during 
the  hot  season.  S.  Indicum  (Byakur), 
a very  ramous  armed  shrub,  with  ovate 
downy  leaves  coated  with  prickles ; 
flowers  of  a pale  blue  colour.  Datura  alba  (Duturfi)  is 
Fig.  146.  very  common  everywhere  in 

India ; the  flowers  are  very  large, 
white,  and  appear  throughout  the 
year : a strong  narcotic  is  pre- 
pared from  the  seeds  and  leaves. 
D.  fastuosa  (Kala  dhutura)  is 
more  poisonous  than  the  white 
species.  Nicotiana  tab  a cum 
(Tamak),  introduced  from  Ame- 
rica, and  now  cultivated  in  many 
parts  of  India ; the  flowers  are 
large,  rose-coloured,  and  appear  in 
the  cold  season.  Capsicum  fru- 
tescens  (Lankhamarich)  is  a shrub- 
by plant,  with  ovate  lanceolate 
leaves  and  small  white  flowers, 
which  appear  throughout  the  year : 
several  other  species  of  Capsicum 
are  cultivated.  Physalis  peruvi- 
ana (Tepari)  is  largely  cultivated 
in  India  for  its  berries,  which  are 
wholly  concealed  within  the 
accrescent  calyx.  Ly coper sicum 
esculentum  (Tomato),  introduced 
from  South  America,  is  also  cultivated  in  the  cold  season 
for  its  fruit.  Petunia  nyctag  ini  flora  is  a South  American 


Nicotiana  tabacum. 
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annual,  very  common  in  gardens  ; in  flower  the  whole  year. 
Atropa  belladonna  (Deadly  nightshade),  a native  of  Europe 
and  Western  Asia,  has  the  curious  property  of  relaxing  the 
iris,  and  thus  causing  dilatation  of  the  pupil.  Hyoscyamus 
niger  (Henbane),  a common  plant  on  waste  places  through- 
out Europe  and  Western  Asia,  as  far  west  as  the  Western 
Himalayas,  is  cultivated  in  India  for  medicinal  purposes. 
This  order  includes,  besides  many  valuable  food  plants,  many 
dangerous  narcotic  poisons.  The  most  important  food-pro- 
ducing species  are  the  potato,  the  tomato,  the  tepari,  and 
the  capsicum,  which  is  remarkable  for  the  pungent  quality 
of  its  fruits.  The  poisonous  species  are  tobacco,  henbane, 
and  deadly  nightshade. 


Fig.  147. 


Polemoniacece 

Are  herbs,  with  alter- 
nate or  opposite 
leaves  and  regular 
5-merous  and  5-an- 
drous  flowers ; the 
lobes  of  the  corolla 
usually  contorted,  in 
mstivation ; ovary 
3-celled,  with  three 
styles ; seeds  endos- 
permic ; embryo 
straight. 

The  habit,  form  of 
the  corolla,  and  struc- 
ture of  the  ovary 
separate  this  order 
from  Convolvulacece. 
Phlox  drummondi,aj 
delightful  annual, 
with  numerous 
varieties,  belongs  to 
this  order;  it  is  large- 
ly cultivated  in  gar- 
dens in  India  on 
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Other  genera  are : Polemonium,  L. ; Gilict,  Ruiz  and  Pay. ; 
Collomia,  Nutt;  Caldasia,  Wild. 


Gonvolvulaceoi 

Are  chiefly  herbs,  twining  or  trailing,  with  alternate  leaves 
and  regular  5-androus  flowers  ; calyx  imbricated ; the  fun- 
nel-shaped corolla  induplicate,  valvate  or  plaited  in  the 
bud;  ovary  2 to  4-celled,  with  one  or  two  ovules  in  each 
cell ; embryo  large  curved.  Cuscuta,  which  belongs  to  this 
order,  is  a genus  of  leafless  parasites. 

The  regular  sympetalous  Borciginacecc  approach  this 
order,  but  are  separated  by  the  curved  embryo  and  the 
usually  2-cellcd  ovary;  the  ovary  also  distinguishes  it 
from  Polemonicicece,  which  has  got  a 3-celled  ovary. 
Argyreia  speciosa  (Bich-tarak)  is  a herbaceous  shrub, 
twining  to  a great  extent ; is  a native  of  hedges,  &c. ; 
the  leaves  broad,  cordate ; flowers  large,  of  a deep  rose- 
colour;  flowering  time  the  wet  and  cold  seasons;  the 
fruit  is  a berry.  Ipomoea  bonanox  (Kalmilata)  has  large 
pure  white  flowers,  expanding  at  sunset ; fruit  a capsule. 
Ipomoea  Quamoclit  (Kamalata),  a native  of  various  parts 
of  India ; it  flowers  during  the  rainy  season ; leaves 
pinnate ; leaflets  filiform  : there  are  two  varieties- — the 
scarlet  and  the  white.  Batatas  paniculata  (Bhuin-kumra) 
has  large  rose-coloured  flowers,  with  a dark  purple 
centre ; the  root  is  cathartic.  Batatas  edulis  (Shakar 
kanda-alu),  sweet  potato,  cultivated  everywhere  for  its 
large  fleshy  tubers.  Ipomoea  Nil  (Nil  kalmi),  common  in 
most  parts  of  India ; flowers  pale  blue  ; appear  in  the  rains ; 
the  fruit  is  3-celled  ; the  seeds  are  sold  in  the  bazars  under 
the  name  of  lcaladana,  a useful  cathartic.  Ipomoea  reptans 
(Kalmi-shak),  an  annual  creeper,  or  floating  on  fresh  water  ; 
flowers  large,  pale  rose-coloured,  with  a dark  purple  centre ; 
the  tender  tops  and  leaves  are  sometimes  eaten.  Ipomoea 
Sepiaria  (Ban-kalmi)  is  a very  common  species  ; the  flowers 
are  pale  rose  colour,  with  a dark  purple  centre ; it  flowers 
most  of  the  year ; the  fruit  is  2-cell ed.  Cuscuta  reflexa  (Haldi 
algosa-lata),  a parasite  on  trees  and  shrubs;  branches  filiform, 
twining,  smooth,  yellow;  flowers  are  small,  white,  and  appear  in 
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148. 


February  and  March..  The  CuscutcB  are  remarkable  foi  their 
J leafless  and  para- 

sitic habit ; the 
embryo  is  spiral- 
ly twisted,  and  is 
usually  destitute 
of  cotyledons  ; it 
germinates  in 
the  ground,  but 
soon  lays  hold 
of  some  neigh- 
bouring plant, 
on  which  it  be- 
comes  parasitic. 

A purgative 
£>  property  gener- 

ally character- 
izes these  plants. 
Jalap  is  the  root 
of  Exogonium 
purga,  a Mexi- 
can species. 
Scammony  is  the 
dried  root  of 
Cusciuce.  Con  vo  Ivulus 

scammonia,  a native  of  Asia  Minor  and  Syria  ; the  seeds 
of  Ipomcea  nil  are  well-known  in  every  bazar  in  India 
under  the  name  Kala-dana,  a safe  and  effectual  cathartic. 


Fig.  149. 


The  4-lobed 
ovary,  with  gy- 
nobasic  style  of 
Borago. 


Boraginacece 

Are  mostly  herbs,  with  alternate  rough 
leaves,  a scorpioid  inflorescence  and  symme- 
trical flowers  ; stamens  5,  epipetalous  ; ovary 
deeply  4-lobed,  surrounding  the  gynobasic 
style. 

The  4-lobed  ovary  and  fruit  of  this  order 
agree  exactly  with  those  of  Labi  atm,  from 
which,  however,  almost  all  its  other  characters 
distinguish  it.  Trichodesma  Indicum  (Chota 
kalpa),  common  over  most  parts  of  India,  is 
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a diffuse  annual,  with  entire  stem  clasping  hairy  leaves ; 
the  lower  ones  opposite ; flowers  pale  blue,  regular.  Helio- 


Fig.  150. 


tr opium  Indicum  (Hatsura)  is  one  of  the  most  common 
plants  in  India  ; it  is  in  flower  at  all  seasons,  appearing  in 
corners  on  rubbish,  where  the  soil  is  rich  and  dry;  the 
flowers  are  small  of  a lilac  blue  colour. 

Cordiacece  is  combined  with  Boraginacece  by  Bentham 
and  Hooker,  from  which,  however,  they  differ  in  the  drupa- 
ceous fruit  and  plaited  cotyledons.  Cordia  myxa  and  C. 
latifolia  are  trees  common  in  many  parts  of  India ; they 
yield  the  large  and  small  Sebestens,  which  are  used  in 
medicine. 

Other  genera  are : Ehretia,  L. ; II eliotr opium,  Tournef  ; 
and  Echium,  Tournef.  The  Forget-me-not  is  a European 
species  of  the  genus  Myosotis. 

Labiatce 

Are  herbs,  rarely  shrubs,  with  square  stems,  opposite 
aromatic  leaves,  and  irregular  flowers  ; stamens  didynamous, 
or  diandrous  ; ovary  deeply  4-lobed,  surrounding  the  gyno- 
basic  style. 
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Tlie  deeply  4-lobed  ovary  and  gynobasic  style  separate 

Fig.  151. 


Salivia  Officinalis.  The  corolla  cut  open,  showing  the  ovary,  style,  and  stigma. 


this  order  from  Verbenacece,  its  nearest  ally.  Ocimum  basili- 
cum{ Babui  tulsi),  an  erect  aromatic  herb,  with  square  stems, 
opposite  petioled  ovate  to  ovate  serrate,  smooth  leaves,  and 
bilabiate  white  flowers  in  terminal  racemes,  which  appear 
during  the  whole  year.  Ocimum  sanctum  (Tulsi),  cultivated 
in  the  gardens  belonging  to  Hindoo  temples  and  in  masonry- 
vases  above  every  ghat  ; in  flower  all  the  year  round  ; the 
whole  plant  aromatic,  and  of  a purplish  colour  ; the  leaves 
are  oval,  serrate,  downy ; and  the  flowers  are  small,  of  a pale 
purple  colour.  0.  gratiasimum  (Ram  tulsi),  a very  strongly 
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aromatic  plant,  with  small  whitish  yellow  flowers,  which 
appear  during  the  whole  year.  Mentha  viridis  is  (Pudina), 
common  in  gardens  throughout  India ; the  flowers  are 
small,  purplish.  M.  piperita  is  supposed  to  be  of  garden 
origin,  and  to  have  originated  from  M.  aquatica.  Salvia 
coccinea,  a small  herbaceous  plant,  very  common  in  gardens, 
blossoms  all  the  year  round ; flowers  arranged  in  spikes  of 
a scarlet  colour ; the  anther  cells  are  removed  from  each 
other  by  a long  connective.  Lavandula  vera,  a native 
of  the  south  of  Europe,  furnishes  lavender,  the  oil  of  which 
is  used  in  medicine.  The  species  of  this  very  large  order 
are  most  plentiful  in  the  Mediterranean  region,  where  also 
the  more  fragrant  kinds  occur. 

Other  genera  are  : Rosmarinus,  Tournef  ; Micromeria, 
Marruhium,  Tournef;  Anisomeles,  R.  Br. ; Coleus,  Lour ; 
Meriandra,  Beuth  ; Rogostemon,  Dcsf,  &c. 

Verbenacece 

Are  herbs,  shrubs,  or  trees,  with  opposite  or  alternate 
leaves  and  irregular  flowers  ; stamens  clidynamous  ; ovary 
4-cel  led  ; style  terminal. 

This  large  order  is  chiefly  tropical ; the  species  are  gener- 
ally trees  or  shrubs  ; the  terminal  style  and  more  coherent 
carpels  separate  this  order  from  Labiatce.  Clerodendvon 
siphonanthus  (Bamun-hati),  shrubby,  with  lanceolate  entire 
leaves  and  greenish  white  flowers,  bearing  an  exceedingly 
long  slender  tube  ; when  the  flower  opens,  the  four-filaments 
project  in  a double  curve,  afterwards  they  become  revolute  ; 
they  appear  from  April  to  May,  and  from  August  to  January. 
Clerodendron  viscosum  (Bhant),  a pretty  shrub  when  in 
flower  ; it  is  generally  found  under  the  shade  of  large  trees, 
in  consecpxence  of  the  birds  droping  the  seeds  there;  flowers 
birge,  white  tinged,  with  rose  colour  on  the  inside;  they 
appear  in  February  and  March.  Vitexnegundo  (Nishinda), 
a small  tree,  with  opposite  ternate  or  quiuate  leaves  and 
terminal  panicles  of  small,  purplish  blue,  irregular  flowers, 
which  appear  in  the  hot  and  rainy  seasons : a decoction  of 
the  aromatic  leaves  helps  to  form  the  warm  bath  for  native 
women  after  delivery,  and  amongst  the  natives  few  plants 
appear  to  have  a greater  range  of  uses.  Tectona  grandis 


DETAILS  OF  DICOTYLEDONOUS  ORDERS. 


163 


(Segun)  is  the  species  of  this  order  of  greatest  importance  in 
India,  affording  one  of  the  best  and  most  durable  timbers 
known  ; the  flowers  are  small,  white,  and  appear  in  the  rains. 
Petrea  volubilis,  a climbing  shrub  common  in  gardens,  has 
showy  panicles  of  violet  flowers.  Duranta  plumieri,  also 
very  common  in  gardens,  has  spikes  of  small  blue  flowers. 
Holmslcjoldia  sanguined,  a scandent  shrub,  bas  scarlet 
flowers ; the  calyx  is  coloured.  Aloysia  citriodora , a South 
American  plant,  is  common  in  gardens. 

Other  genera  are : Gmelina,  L. ; Lantana,  Callicarpa,  L. ; 
Premna,  L. ; Congea,  Roxb. ; Stacliytarpheta,  Vahl. ; Zapania, 
Juss,  <fcc. 


ScrophulariacecB 

Are  chiefly  herbs,  with  opposite  or  alternate  leaves  and 
irregular  flowers  ; corolla  imbricated  ; stamens  didynamous 
or  diandrous,  springing  from  the  tube  of  the  corolla ; ovary 
2-celled;  fruit,  a 2-celled,  many -seeded,  capsule;  endosperm 
copious. 

The  imbricated  aestivation,  the  stamens  fewer  than  the 
lobes  of  the  corolla,  and  the  straight  embryo,  generally 
speaking,  distinguishes  this  order  from  Solanacece.  Celsia 
coromandeliana  (Koksim)  is  an  erect  rarnous  annual  herb, 
with  lower  leaves  lyrate,  the  upper  sessile  cordate  ; flowers 
small,  bright,  sulphur  coloured,  appearing  during  the  cold 
season.  Liudenbergia  urticcefolia  (Haldl  basanta)  is  very 
common  everywhere,  and  is  in  flower  throughout  the  year ; it 
generally  grows  on  old  walls  ; the  flowers  are  small,  yellow. 
Antirrhinum  majus  (Snapdragon)  has  a personate  corolla; 
it  is  frequently  cultivated  in  gardens.  Maurandya  sem- 
perflorens  is  a climbing  garden  plant,  introduced  from  Ame- 
rica, with  alternate  leaves  and  solitary  rose-coloured  flowers. 
Picrorrhiza  kurrod,  a plant  of  Kumaon  and  other  parts 
of  Northern  India  ; the  root  is  used  medicinally.  Monniera, 
a small  creeping  plant,  also  sometimes  used  in  medicine. 
Many  of  the  ScrophulariacecB  are  parasitic  upon  the  roots 
ol  other  plants ; as  lor  example,  Pedicularis,  of  which  a large 
number  of  species  occur  in  the  Himalaya,  and  Rhinanthus. 

Other  genera  are  : Verbascum,  Tourncf ; Linaria,  Tournef ; 


164 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


Stemodia,  L. ; Limnophila,  R.  Er. ; Peplidium,  Delile ; Bon- 
naya,  Lk. ; Vandellia,  L. ; Torenia,  L.,  &c. 


Utriculaviacece 


Are  herbs,  growing  in  water  or  wet  places  ; flowers  with  a 
2 — 5-parted  calyx,  and  a 2-lipped  personate  spurred  corolla  ; 
stamens  2 ; ovary  1-cellcd,  with  a free  central  placenta. 

The  1-celled  ovary,  with  free  central  placenta,  and  the 
habit  distinguish  this  order  from  Scrophulariacece.  Utri- 
cularico  stellaris  (Bara  jlidngi),  a plant  floating  in  fresh 
water  ; it  appears  and  flowers  during  the  rains ; the  sub- 
merged leaves  with  capillary  segments  bear  small  bladders; 
the  flowers  arc  small,  yellow.  U.  reticulata  has  blue  flowers; 
U.  nivea  lias  very  small  white  flowers  ; and  U.  diantha 
is  the  smallest  species,  with  very  small  yellow  flowers. 
The  structure  of  the  leaves  of  Utricularia,  especially 
that  of  their  air-floats,  is  very  curious.  These  plants  are 
found  in  all  except  the  colder  parts  of  the  globe,  the  pouches 
of  Utricularia  have  the  property  of  dissolving  and  absorb- 
ing animal  matter,  such  as  insects,  &c. 


Orobanchacece 

Are  fleshy  herbs,  destitute  of  green  foliage,  with  usually 
dull-coloured  flowers;  stamens  didynamous ; ovary  1 -celled, 
with  2 to  4 parietal  placentas ; embryo  rudimentary. 

This  order  is  remarkable  for  its  parasitical  habit,  its 
fleshy  texture,  its  scale-like  leaves,  and  the  absence  of 
chlorophyll.  Orobanclie  Indica  is  found  in  blossom  in 
January,  adhering  to  the  roots  of  tobacco  plants ; the 
flowers  are  arranged  in  dense  spikes,  and  are  of  a blue 
colour.  0.  acaulis  grows  on  the  roots  of  the  sugar- 
cane ; the  flowers  are  of  a beautiful  purple,  and  are  in  full 
blossom  in  September.  /Eginetia  Indica  is  common 
about  Silhet,  Deyra-Dhoon,  &c. ; the  flowers  are  large, 
purple.  Another  species,  sE.  pedunculata,  is  a common 
parasite  on  the  roots  of  Andropogon  muricatus. 

These  plants  germinate  in  the  ground,  and  immediately 
attach  themselves  to  the  roots  of  various  plants,  on  which 
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the}'  become  organically  grafted  ; they  are  widely  dis- 
tributed. 


Bignoniacece 


Are  usually  woody,  rarely  herbaceous,  plants,  often  twin- 
ing or  climbing,  with  exstipulate  compound  leaves  ; flowers 
irregular;  corolla  commonly  trumpet-shaped  ; stamens  didy- 
namous  or  diandrous ; ovary  2-celled ; seeds  numerous, 
winged,  without  endosperm. 

The  winged  seeds  without  endosperm,  together  with  the 
Fgi.  152.  compound  leaves, 

and  general  cha- 
racter of  the  in- 
fioresence,  distin- 
guish the  plants  of 
this  order  from 
their  nearest  affi- 
nities. Calosan- 
thes  Inclica  is  a 
large  tree,  with 
opposite  pinnate 
leaves  and  termi- 
nal racemes  of 
trumpet-sh  aped 
flowers — outside, 
of  a dark  purple 
colour,  inside  of  a 
yellowish  white  ; 
the  capsules  are 
very  long  and  flat- 
tened. Bignonia 
venusta  is  a climb- 
ing shrub,  very 
common  in  gar- 
dens, blossoming 

v.  in  January  and 

Bignonia  venusta  (reduced).  February  in  Such 

luxuriance,  as  to  cover  the  entire  surface  of  the  plant  with 
flowers  ; Babu  P.  Ch.  Shaha,  Curator,  Hughli  Botanical  Car- 
den, has  drawn  my  attention  to  the  fact  that  the  Mowers  of 
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tli is  plant  are  heterostyled.  Crescentia  Cnjete  (Calabash), 
cultivated  in  gardens,  belongs  to  this  order.  The  Crescen- 
tiacece  are  sometimes  regarded  as  a distinct  order,  differing 
from  the  Bignoniaceca  in  their  indehiscent  fruit  and  wing- 
less seeds. 


Many  Bigvoniacecc  are  remarkable 


Fig.  153. 


Sesnmum  Indicam. 


for  the  structure 
of  their  woody 
stems,  caused  by 
the  wood  being  di- 
vided into  see- 
ments  by  broad 
wedge-s  h a p e d 
layers  of  liber.  The 
wings  of  the  seeds 
are  seen  to  be  very 
beautiful  w h e n 
examined  unde  r 
the  microscope. 

Other  genera 
are : Spathodea, 

Beauv ; Teco  via, 
Juss. ; Schrebera, 
Roxb.,  &c. 

Pedaliacece 
Are  herbs,  with 
opposite  leaves  and 
irregular  flowers ; 
stainensfewer  than 
the  corolla  lobes  ; 
seeds  generally 
wingless. 

This  order  is  dis- 
tinguished fro  m 
Bignoniacecc  by  its 
habit,  indurated 
pericarp, and  wing- 
less seeds.  Sesci- 
vmvi  I n d i c u vi 
(T  i 1),  an  annual 
pubescent  h e r b, 


cultivated  everywhere  over  India,  with  entire  or  d-lobed 
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leaves  and  axillary  slightly  bilabiate  white  rose-coloured 
flowers;  the  seeds  contain  an  oil  resembling  olive  oil. 
Pedalium  murex  is  a common  plant  in  many  parts  of  the 
Madras  Peninsula,  especially  near  the  sea ; an  infusion  of 
the  leaves  and  stems  is  used  for  medicinal  purposes. 
Martynia  dianclra,  a Mexican  plant,  domesticated  in  India, 
is  remarkable  for  its  curious  2-horned  fruit. 


Accinthacece 

Are  herbs  or  shrubs,  with  opposite,  simple,  exstipulate  leaves ; 
flowers  irregular,  bracteated ; stamens  didynamous  or  dian- 
drous  ; ovary  2-celled,  with  two  or  more  ovules  in  each  cell ; 
fruit  a 2-celled  capsule  with  indurated  placentas. 

The  large  bracts  of  the  infloresence  and  the  imbricated 

o 

calyx  of  unequal  sepals  give  a chai’acteristic  appearance 
to  these  plants.  By  Bentham  and  Hooker  the  order  is 
divided  into  five  tribes,  viz.,  Thunbergiece,  Jasticiece, 
Acanthecc,  Ruelliece,  and  Nelsoniece ; the  distinctions  are 
founded  upon  the  natui'e  of  the  calyx,  the  aestivation  of  the 
corolla,  the  character's  »aflbrded  by  the  seeds,  &c.  T I am- 
ber gia  grandifiora  (Nil-lata)  is  a climbing  woody  perennial, 
with  very  large  blue  and  white  flowers,  which  are  produced 
the  whole  year.  Justicia  adhatoda  (Bakas)  is  a small  tree 
common  over  most  parts  of  India  ; flowering  time  the  cold 
season  ; the  leaves  are  opposite,  entire  ; the  flowers  are  large, 
white,  spotted  with  small  ferruginous  dots,  the  lower  part 
of  both  lips  is  streaked  with  purple ; this  plant  is  used 
by  the  natives  in  the  cure  of  coughs,  asthma,  ague,  &c. 
Justicia  paniculata  (Maha-tita)  is  a native  of  dry  ground, 
under  the  shade  of  trees,  &c. ; flowering  time  the  wet  and 
cold  season ; flowers  rose  coloured ; the  plant  is  used  as  a 
tonic,  analogous  to  Quassia  in  its  action.  J.  tinctoria  (Bet- 
rang),  a herb  common  in  Bengal,  with  opposite,  oblong,  entire, 
downy  leaves,  and  rose-coloured  flowers,  which  appear 
during  the  rains  and  cold  season.  Acanthus  ilicifolia 
(Hakuch  lcanta),  a common  shrub  ; it  flowers  during  the 
rains  ; the  flowers  are  solitary,  opposite,  large,  blue,  inodour- 
ous.  Raellia  longifolia  (Kfmtli  kulika)  is  a plant  common 
in  low  wet  places  all  over  India,  flowering  time  the  cold 
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season  ; the  flowers  are  bright  blue ; some  varieties  are  rose- 
coloured  : the  plant  is  considered  tonic  and  diuretic.  Nel- 
sonict  tomentosa  (Para  mill),  a sub-erect  hairy  herb,  a native 
of  wet  pasture  ground  ; flowering  time  the  wet  and  cold 
season ; the  flowers  are  small,  bright,  bluish  purple. 

This  is  a very  large  order,  but  the  plants  are  mostly  with- 
out active  properties.  Andrographis  paniculata,  common 
in  shady  places  all  over  India;  is  sometimes  used  as  a bitter 
tonic,  analogous  to  Quassia  in  its  action.  Ilygrophila 
spinosa,  common  in  moist  places  in  most  parts  of  India  ; has 
valuable  diuretic  properties  assigned  to  it.  Justicia  gcnda- 
russa  and  Rhinacanthus  communis  are  also  sometimes  used 
in  medicine.  Acanthus  mollis  is  interesting  from  its  leaves 
having,  it  is  said,  furnished  the  model  of  the  Corinthian 
capital. 


Lorantfyacea} 


Are  parasitic  shrubs,  with  opposite  or  alternate  exstipulate 
leaves;  flowers  perfect  or  diclinous ; stamens  4 to  8,  super- 
posed to  the  segments  of  the  coloured  perianth ; ovary 
inferior. 

These  plants  are  distinguished  by  their  peculiar  habit, 

being  stem  parasites. 
Loranthus  hicolor 
(Bara-manda)  is  al- 
ways found  growing 
on  the  branches  of 
various  kinds  of 
trees,  and  is  very 
ramous ; it  flowers 
during-  the  greater 

O O 

part  of  the  year  ; the 
flowers  are  of  a 
greenish  orange  scar- 
let colour;  the  leaves 
are  oblong,  smooth. 

Parasitic  roots  of  Loranthus  growing  on  a branch  A.  g/oboSUS  (Chota- 
of  Morus  alba  (tut.)  manda),  a common 

ramous  shrubby  parasite  on  trees;  it  flowers  the  whole 
year ; the  berry  is  round,  about  the  size  ol  a pea ; the 
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flowers  are  greenish  oi’ange.  Several  species  of  Viscum 
(Mistletoe),  both  with  and  without  leaves,  are  common 
parasites  in  India;  they  differ  from  the  species  of  Lovanthus 
in  their  unisexual  flowers  and  adnate  anthers  dehiscing 
by  pores.  The  germination  of  the  seeds  exhibits  some 
interesting  phenomena  ; they  adhere  to  the  young  shoots  of 
trees  by  means  of  the  viscid  pulp  of  the  fruit,  where  they 
germinate  and  push  their  roots  through  the  bark  to  the 
cambium  layer,  with  which  they  contract  an  organic 
adhesion.  In  Lovanthus  the  ovule  is  not  distinguishable 
from  the  ovary  imtil  after  fertilization. 

SantalacecB 

Are  herbs,  shrubs,  or  trees,  with  entire  leaves  ; stamens 
superposed  to  the  lobes  of  the  perianth ; ovary  1 -celled, 
■with  2 to  4 ovules,  suspended  from  a free  central  placenta. 

The  pendulous  ovules,  with  the  embryo  developed  entirely 
outside  the  nucleus  in  the  protruded  part  of  the  embryo 
sac,  is  a very  remarkable  and  striking  character  of  this 
order.  Santalum  album  (Chandun)  is  a tree  with  fragrant 
wood  and  opposite  oblong  entire  smooth  leaves  ; flowers 
numerous,  small ; at  first  of  a straw  colour,  afterwards 
changing  to  a rusty  purple ; the  wood  is  used  for  various 
purposes,  boxes,  &c.,  being  made  of  it ; it  is  burnt  as  incense 
iu  temples  and  dwellinghouses  both  in  India  and  China,  and 
when  reduced  to  powder  it  enters  into  a composition  for 
marking  the  forehead. 


Aristolochiacece 

Are  climbing  shrubs  or  low  herbs,  with  an  irregular  or 
regular  perianth  valvate  in  the  bud ; stamens  6 to  12,  more  or 
less  adherent  to  the  style ; ovary  inferior,  from  3 to  6-celled. 

The  ternary  structure  of  the  flower,  the  curiously  shaped 
perianth,  the  stamens  adherent  to  the  style,  and  the  peculiar 
structure  of  the  wood,  which  presents  no  concentric  rings, 
distinguishes  this  order  from  all  others.  Aristolochia  Incited 
(Ishwar-mul)  is  a smooth  twining  shrub,  with  alternate  leaves 
and  axillary  very  irregular;  brownish  red  green  flowers,  which 
appear  in  the  rains;  it  is  a native  of  jungles,  where  the  soil 
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is  dry  and  poor  ; the  root  is  sometimes  used  as  a tonic,  &c. 
A.  caiulata,  cultivated  in  gardens,  has  large  helmet-shaped 
flowers.  A.  bracteata,  a common  plant  throughout  India; 
it  is  well  known  by  its  Hindustani  name  kira-mat  from 
its  supposed  anthelmintic  properties.  Bmgantia  Wallichii 
is  a small  shrub,  a native  of  the  Malabar  Coast,  where  it  is 
known  by  the  name  of  Alpaus  ; it  is  used  in  medicine. 


Piper  acece 

Are  herbs  or  shrubs,  with  jointed  stems  and  alternate  or 
opposite  simple  leaves  ; flowers  achlamydeous,  unisexual,  or 
hermaphrodite,  in  spikes  or  racemes  ; ovary  1-celled,  with 
a single  erect  ovule,  with  the  embryo  in  a distinct  sac,  sur- 
rounded by  the  endosperm,  in  a hollow  of  the  copious 
perisperm. 

The  stems  of  Piperacese  are  very  peculiar  ; there  is  a kind 
of  double  concentric  circle  of  fibro-vascular  bundles,  the 
inner  circle  supplying  the  leaves,  but  not  possessed  of  a 
cambium  region,  while  the  outer  circle  is  of  the  ordinary 
open  character ; they  are  connected  with  the  monocotyledo- 
nous  type  through  Aroidecc.  Ckavicci  belle  (Pan),  much 
cultivated  in  India  by  slips  and  cuttings  grown  in  a rich 
moist  soil  well  enclosed  and  shaded,  so  that  they  are  in  a 
great  measure  protected  from  both  sun  and  wind ; the 
jointed  stems  are  woody,  climbing,  or  creeping,  giving  off 
numerous  adventitious  roots ; leaves  alternate,  cordate,  some- 
what pointed,  entire,  smooth,  from  4 to  6 inches  long,  and 
from  2 to  4 broad ; flowers  minute  dioecious,  arranged  in 
catkins,  appearing  during  the  rains  and  cold  season. 
Ckavicci  Roxburgkii  (pipul),  a creeping  shrubby  dioecious 
plant ; it  flowers  during  the  wet  and  cold  seasons ; long 
pepper  consists  of  the  dried  flower  spikes  of  this  plant.  Piper 
nigrum  ( Gol-marich),  the  unripe  dried  berries  ai’e  black  pep- 
per ; white  pepper  is  the  same  fruit  with  the  fleshy  epicarp 
removed  by  washing.  The  dried  unripe  fruit  of  Cubeba 
officinalis,  a native  of  Java  and  the  Moluccas,  is  used  in 
medicine  as  a stimulant.  The  leaves  of  Artantlie  elongata 
are  esteemed  as  a styptic,  known  in  South  America  by  the 
name  of  Matico. 
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Euphorbiacece 

Are  herbs,  shrubs,  and  trees,  mostly  with  milky  juice  and 
usually  alternate  stipulate  leaves  and  monoecious  or  dioe- 
cious flowers.  The  flowers  are  achlamydeous  {Euphorbia, 
Poinsettia),  monochlamydeous  ( Phyllanthus , Acalypha, 
Ricinus),  or  dichlamydeous  ( Croton , Jatropha ) ; ovary  free, 
usually  3-celled,  usually  separating  when  ripe  into  as  many 
cocci,  which  separate  when  ripe,  with  one  or  two  pendulous 
ovules  in  each  cell. 

The  unisexual  flowers  and  the  compound  ovary,  generally 
consisting  of  3 carpels,  is  usually  sufficient  to  distinguish 
this  order  from  its  nearest  allies.  Ricinus  communis 
(Bheranda) ; of  this  useful  plant  there  are  several  varieties 
cultivated  in  India  ; the  leaves  are  peltate,  palmately  lobed 
serrate  ; the  flowers  monoecious,  in  terminal  panicles  ; fruit 
prickly.  Xylophylla  angustifolia,  cultivated  in  gardens,  has 
peculiar  flattened  stems,  cladodes.  Croton  tiglium  (Jypal) 
grows  to  be  a small  tree  ; flowers  small,  greenish  yellow ; it 
produces  the  famous  croton  oil.  Rottleratinctoria  (Punnag) 
is  a tree  with  alternate,  ovate,  oblong  leaves  ; the  red  mealy 
powder,  which  covers  the  capsule,  is  used  as  a dye.  Jatropha 
multifida  (Coral  plant)  is  a succulent  plant,  commonly  cul- 
tivated in  gardens ; the  flowers  small,  red,  arranged  in 
cymes,  borne  upon  erect  succulent  peduncles.  J.  curcas 
(Baghberanda)  domesticated  from  South  America ; flowers 
small,  green,  and  appear  throughout  the  year  ; the  seeds  are 
purgative  and  emetic;  the  oil  expressed  from  themisusedas  an 
external  application  in  itch  and  other  skin  diseases  ; a varnish 
is  made  from  the  oil  by  boiling  it  with  oxide  of  iron.  Tragia 
involucrata  (bichhati),  a twining  shrubby  plant,  a native 
of  shady  places,  where  the  soil  is  good  ; the  leaves  are  oblong, 
serrate,  the  hairs  of  the  plant  sting  like  those  of  the  common 
nettle  ; the  flowers  are  small,  greenish,  and  appear  through- 
out the  year.  Acalypha  Indica  (Mukta  juri),  a very  common 
annual ; in  flower  all  the  year  round  ; leaves  ovate,  cordate, 
5 nerved,  serrate,  smooth,  about  two  inches  long  and  one-half 
broad  ; flowers  small,  greenish  ; the  bruised  root  is  used  as  a 
cathartic;  a decoction  of  the  leaves  is  used  as  a laxative. 
Euphorbia  antiquorum  (tekatd-sij)  is  a shrubby  leafless 
succulent  plant,  with  spreading  triangular  branches,  armed 
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with  double  spines,  very  common  on  barren  uncultivated 
lands  all  over  India.  Euphorbia  chamasyce  (Chota  kerai) 
Fijj.  155..  and  E.  hirta  (Bara 

kerai)  are  also 
very  c o m m o n 
everywhere.  E. 
Tirucalli  (Lanka- 
shij),  a native  of 
various  parts  of 
India ; the  flowers 
are  small,  yellow- 
ish, and  appear 
in  the  rains;  the 
milky  juice  is  used 
for  blistering. 
P e dilant  h u s 
tithy  malo'ides 
(Rungchitra)  was 
introduced  into 
this  country  from 
South  America  in 
1794,  and  is  now 
d o m e s t i cated 
everywhere ; it  is 
Pedilanthvs  tilhymalo'ides  (reduced).  Used  chiefly  for 

hedges,  as  goats  and  cows,  &c.,  seldom  eat  the  leaves  : the 
flowers  are  protogynous.  Poinsettia  pulcherrima  (Lalpata); 
the  flowers  are  small,  of  a greenish  yellow  colour;  the 
bracts  are  large,  and  are  of  a bright  vermilion. 


Casuarinaccce 

Are  pseudo  leafless  trees,  with  pendulous  jointed  striated 
branches;  male  flowers  in  catkins  ; female  flowers  in  stro- 
biles, stamen  1 ; ovary  1 -celled,  with  2 to  4 ascending 
ovules.  Fruit,  a group  of  follicles,  collected  into  cones. 

The  Casuarinacece  connect  the  angiosperms  to  the  gymnos- 
perms  through  the  Gnetacece ; they  are  trees  of  remarkable 
aspect,  the  branches  having  much  the  appearance  of  the 
branched  Equiseta;  they  acquire  large  dimensions,  the  wood 
of  the  trunks  becoming  solid  and  heavy ; the  greater  por- 
tion of  them  are  natives  of  Australia.  Casuarina  equise- 
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tifolia  ( Jliau),  a conspicuous  object  in  every  station  in 
India  ; is  a very  tall,  handsome  tree,  with  pendulous  jointed 
striated  branches ; it  flowers  during  the  hot  season.  C.  mu- 
ricanta,  an  Arracan  and  Malayan  tree,  much  cultivated  in 
India ; its  bark  is  used  as  an  astringent ; the  wood  is  usually 
of  a reddish  colour. 


Urticacece 

Are  herbs,  shrubs,  or  trees,  with  alternate  stipulate  leaves 
and  small  unisexual  flowers ; perianth  green,  free  from  the 
1-celled  ovary ; stamens  ecpial  in  number,  and  opposite  to  the 
pei'ianth  lobes,  uncoiling  elastically ; ovule  one ; embryo 
straight  in  the  endosperm  when  this  is  present. 

The  1-celled  ovary,  the  endospermic  seeds,  and  the 
flowers  not  arranged  in  catkins,  distinguishes  this  order 
from  its  nearest  allies.  Bcehmeria  interrupta  (Lai  bi- 
chhati),  an  erect  annual ; leaves  cordate,  serrate ; flowers 
small,  pale  greenish  yellow  ; flowering  time  the  rainy  season ; 
the  fairs  of  this  plant  sting  like  those  of  the  common 
English  nettle.  Bcehmeria  nivea,  an  erect  shrub,  with 
alternate  cordate  leaves  and  small  dioecious  greenish  yellow 
flowers  in  axillary  globose  heads  ; this  plant  furnishes  the 
fibre  for  Chinese  “ grass  cloth  ” Ithea. 


Artocarpacece 

Are  trees  or  shrubs,  rarely  herbs,  with  milky  juice  and 
alternate  stipulate  leaves  and  diclinous  flowers;  female 
flowers  in  heads,  or  on  flat  receptacles  ; stamens  non-elastic ; 
ovary  1-celled;  embryo  straight,  or  curved;  endosperm 
fleshy,  or  none. 

Artocarpacese  is  sometimes  regarded  as  a sub-order  of 
Urticacere,  the  main  difference  being  in  the  habit,  the 
milky  juice,  and  the  pendulous  ovules  of  Artocarpacem. 
The  enflorescence  and  fruit  of  these  plants  is  very  curious. 
Ficus  Inclica  (Banyan  tree)  is  one  of  the  best  known  trees 
in  Bengal,  and  is  remarkable  for  sending  down  numerous 
roots  from  the  branches,  which  strike  into  the  earth,  and 
convert  the  tree  into  a kind  of  grove ; the  flowers  are 
enclosed  in  an  excavated  fleshy  peduncle;  they  appear 
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Fig.  156. 


during  the  hot  season  ; the  leaves,  when  joined  together, 
are  frequently  used  as  a substitute  for  plates.  F.  tieli- 

giosa  (Ashwath,  Pippal),  a 
very  large  tree  common 
in  every  part  of  India; 
birds  are  very  fond  of  the 
fruit,  which  they  eat  gree- 
dily, and  often  drop  the 
seeds  in  cracks  of  buildings, 
in  the  axils  of  the  leaves 
of  the  date-tree,  etc.,  where 
they  vegetate ; the  wood 
is  white,  light,  and  of  little 
use.  F.  Carica  (Du mur) 
is  cultivated  for  its  fruit. 
Caoutchouc  is  obtained 
from  Ficus  elastica,  etc. 
Dorstenia  contrayerva  is 
easily  cultivated ; the  mi- 
nute flowers  of  which  are 
embedded  in  the  top  of  a 
tabular  fleshy  peduncle. 1 
A rtocavpus  integrifolius 
(Kantal)  is  much  culti- 


Section  of  the  receptacle  of  Ficus. 
Fig.  157. 


Fig.  158. 


Fig.  159. 


Expanded  receptacle  of 
Dorstenia  contrayerva. 


Male  flower  of  Morus. 


Female  flower  of 
Morus. 


vated  everywhere  for  the  sake  of  its  fruit ; the  numerous 
flowers  are  crowded  on  a globular  fleshy  peduncle,  which 
enlarges  into  a large  fleshy  fruit ; they  always  grow  from 
the  trunk  and  large  branches.  A.  Lakoocha  (Dephal) 
common  all  over  Bengal ; the  leaves  fall  off  during  the  cold 
season ; the  fruit  is  sometimes  eaten.  Morus  alba  (Tut) 
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is  cultivated  in  gardens,  the  flowers  are  small,  greenish, 
and  appear  at  the  end  of  the  cold  season. 

Cannabinacece. 


This  order  is  closely  allied  to  Urticacece,  but  differs  in  the 
non-elastic  stamens  and  the  curved  embryo. 

This  order  is  sometimes  regarded  as  a sub-order  of 
Urticacece,  but  differs  in  the  stamens  not  being  elastic  and 
in  the  curved  aperispermic  embryo.  Cannabis  sativa  is  a 

dioecio  u s 
herb  with 
pal  m a- 
t i s e c t 
leaves  and 
small 
greenish 
white 
fl  o w e rs, 
cultivated 
near  villa- 
ges for  its 
narcotic, 
r esinous 
leaves  and 
fl  owers 
(males  in 
loose  j}a- 
nicles,  fe- 

Palmatisect  leaf  of  Cannabis  sativa,  Ganja.  111  a 1 e S 

...  se  s si  le  ), 

which  are  smoked  as  “bhang,”  “subja,”or  “sidlid;”  this 
plant  is  also  known  for  the  tenacity  of  its  fibre.  Gunja 
is  the  dried  flowering  plant  from  which  the  resin  has  not 
been  removed.  Chirus  is  the  resinous  exudation  from  the 
leaves,  stem,  and  flowers.  Majun  is  a compound  of  bhang, 
sugar,  flour,  and  milk. 


Elceagnacece 

Aie  small  trees  or  shrubs,  with  scaly  leaves  ; flowers  hernia 
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phrodite  in  Elseagnus  itself 

Fi".  1G1. 


Etceaynus  confcrta. 


(and  this  includes  12  of  the 
15  species),  dioecious  or  poly- 
gamous in  the  other  species; 
perianth  tubular,  contracted 
beyond  the  ovary;  stamens 
as  many  as  the  iobes  of  the 
perianth,  and  alternately  with 
them  or  twice  the  number ; 
pollen-grains  triangular  or 
ovoid;  ovary  1 -celled;  seed 
ascending. 

This  order  is  separated  from 
Thymelacce  by  the  valvate 
perianth  and  the  erect  ovule. 
Elcmcjnus  confcrta  is  a shrub 
with  alternate  entire  leaves, 
the  underside  of  which  is 
covered  with  minute  peltate 
scale-like  hairs,  which  are 
beautiful  objects  under  the 
microscope ; the  flowers  are 
small,  yellowish,  and  appear 
during  the  cold  season.  The 
fruits  of  several  species  of 
Elaeagnus  are  eaten  in  Persia 
and  India. 

Proteacea} 


Are  trees  or  shrubs,  with  hard,  dry,  exstipulate  leaves  ; 
perianth  4-cleft  valvate ; stamens  4,  superposed  to  the  seg- 
ments of  the  perianth  ; anthers  dehiscing  longitudinally ; 
pollen-grains  usually  triangular;  ovary  1-celled,  free,  with 
1 or  2,  rarely  several,  ovules.  Fruit  usually  woody,  dehiscent. 

The  rigid  foliage  of  these  plants  is  peculiar.  Grevillea 
robusta,  a tree  introduced  from  Australia,  now  extensively 
grown  along  the  borders  of  roads ; the  structure  of  the 
stomata  are  peculiar.  Hehcia  is  the  only  genus  repre- 
sented in  the  indigenous  flora  of  India  ; it  extends  to  China 
and  North  Australia. 

Fossil  proteads  are  believed  to  be  amongst  the  first  dicot}^- 
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ledones,  of  which  traces  remain  in  geological  formations  ; at 
present  these  plants  arc  chictly  found  in  Australia  and  in 
South  Africa. 

Other  genera  are:  Protect , L.;  BauJcsia,  L.,  Fill.,  &c. 


Lavtracece 

Are  aromatic  trees  or  shrubs,  with  alternate  or  opposite 
simple  exstipulate  leaves;  perianth  imbricated;  stamens 
definite ; anthers  opening  by  valves  ; seeds  solitary,  pendul- 
ous, without  endosperm. 

The  peculiar  opercular  dehiscence  of  the  anthers  distin- 
guish this  order  from  its  nearest  allies.  Cinnamomum 
zeylanicum  (Dalchini)  is  a small  tree,  with  opposite, 
entire,  smooth,  3-nerved  leaves,  and  terminal  and  axillary 
panicles  of  small  greenish  white  flowers.  Cinnamomum 
camphora  is  a tree,  from  the  wood,  branches,  and 
leaves  of  which  camphor  is  produced  by  distillation. 
Tetranthera  Roxburghii  (Kukur  chita)  is  a middle-sized 
tree,  with  oval  to  lanceolate  leaves,  and  dioecious  flowers, 
which  appear  at  the  beginning  of  the  rains.  Cassyta  Jili- 
formis  (Akash  balli)  is  a twining  leafless  parasitic  plant, 
bearing  true  Lauraccous  small  white  flowers  ; it  bears  the 
same  relation  to  the  rest  of  the  order  that  Cuscuta  bears  to 
Convolvulacerc.  The  most  marked  properties  of  these 
plants  depend  on  the  presence  of  aromatic  oils  and  cam- 
phor. Warburg’s  tincture  includes  a preparation  from  the 
bark  of  Nectandra  Rodirei  of  Guiana.  Laurus  nobilis, 
the  classic  or  true  Laurel,  is  a native  of  the  south  of 
Europe. 

Other  genera  arc  : Sassafras,  Necs ; Nectandra,  Rottle  ; 
Litscva ; Ocotea,  Aubl. ; Per  sea,,  Gartn.;  Laurus,  Tournef,  &c. 


Myristicacece 

Are  aromatic  trees,  with  alternate,  entire,  leathery,  exstipu- 
late,  dotted  leaves;  flowers  diclinous;  stamens  monadcl- 
phous ; fruit  succulent,  1-celled,  1 -seeded ; seed  erect, 

surrounded  by  an  arillas  ; endosperm  ruminated. 

The  nearest  relations  of  this  order  are  perhaps  the 
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thalamifloral  orders,  Anonacese  and  Magnoliacese,  but  the 
diclinous  apetalous  condition  of  the  flowers  of  Myristica- 
cca)  distinguish  them  from  the  plants  of  those  orders. 
Myristica  moschata,  a tree  with  alternate  entire  leaves, 
and  small  pale  yellow  inodorous  flowers,  which  appear 
in  the  rainy  season;  nutmeg  (Jayphal)  is  the  seed  with 
ruminated  endosperm;  mace  (Jaitri)  the  arillas  surrounding 
the  seed.  In  their  active  equalities'  and  habit,  these  plants 
somewhat  resemble  those  of  Lauracem. 


PolygonaceoB 

Are  herbs  or  shrubs,  with  alternate  simple  leaves  and 


usually  ochreaceous  stipules 
the  stem ; flowers  very  sn 


Fig.  1G2. 


Ochreaceous  stipules  of  Polygonum, 
pilusum. 


above  the  swollen  joints  of 
ill ; ovary  1 -celled,  with  3 
or  2 stigmas  ; ovules  solitary, 
erect,  orthotropous ; fruit  a 
triangular  nut ; seeds  endos- 
permic. 

The  ochreaceous  stipules 
and  the  solitary  erect  seeds, 
with  their  embryos  having 
the  radicle  turned  upwards, 
separates  this  order  from 
Chenopocliacecti,  Amctranta- 
cecti,  and  Nyctaginacece,  its 
nearest  allies.  Polygonum 
pilosum  (Bara  pani-marich) 
is  an  erect  hairy  annual  com- 
mon on  the  borders  of  such 
places  as  are  inundated  dur- 
ing the  rains ; leaves  long, 
petioled,  ovate,  cordate, 
downy;  flowers  small,  white  ; 
flowering  time  the  rainy  sea- 
son. Several  other  species  of 
Polygonum  arc  common  ; P. 
lanigerum  (shwet  pani  ma- 
rich) ; P.  jlaccidium  (pani 
marich),  &c. 
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Fig.  163, 


Ramex  acutus  (Ban  palang) ; this  plant  is  common  in 
Fig.  164.  low  situations  during  the  dry 
season;  it  dies  away  in  the 
rains ; the  flowers  are  yellowish 
white,  and  appear  in  January, 
February,  and  March.  Ramex 
visicarius  (Chuk  palang)  is  some- 
times used  as  a vegetable.  The 
stems  of  Cocoloba  platyclada 
are  flattened,  resembling  leaves 
(cladodes).  This  order  is  espe- 
cially abundant  in  temperate 
climates ; the  foliage  of  these 
plants  is  frequently  character- 
ized by  the  presence  of  oxalic 
and  malic  acids.  The  roots  are 
more  or  less  powerfully  purga- 
tive. Rhubarb  is  the  root  of 
various  species  of  Rlieum.  A 
Flattened  climbing  Polygonum  (P.  fago- 
*CocMa  Pyrum)  is  grown  in  the  Hima- 
platyclada.  lay  as  for  its  farinaceous  seeds. 


Fruit  of  Ramex , 


Amarantacece 

Are  herbs  or  shrubs,  with  opposite  or  alternate  exstipulate 
leaves,  and  a bractiated  inflorescence,  perianth  scarious,  or 
colored  ; ovary  1-celled,  1-seeded,  with  a curved  embryo ; 
seeds  with  a farinaceous  endosperm. 

The  crowded  bractiated  inflorescence  and  the  membra- 
nous perianth  separate  this  order  from  Clienopodiaceai,  its 
nearest  ally.  Digera  muricata  (Lata  mahuri),  an  annual 
common  in  most  cultivated  land  ; the  leaves  are  alternate, 
ovate,  oblong,  spikes  axillary,  twice  as  long  as  the  leaves ; 
flowers  solitary,  alternate,  small,  red;  the  leaves  and  tender 
tops  are  sometimes  eaten.  Deeringia  Indica  (Ghol-mahani) 
is  a scandent  perennial;  leaves  alternate,  cordate,  spikes 
terminal  panicled ; it  differs  from  the  other  plants  of  this 
order  in  its  scandent  habit  and  small  red  baccate  fruit. 
Amaranthus  polygamus  (Champa-nati)  grows  in  almost 
every  soil  and  situation ; the  stem  is  about  a foot  high, 
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branching  near  the  base  ; the  flowers  are  minute  and  of 
a greenish  color.  A.  lividus  (Gobara-nati)  is  an  erect 
smooth  annual,  from  2 to  3 feet  high ; the  stem  is  of  a 
bright  red  colour,  as  arc  also  the  petioles ; the  leaves 
are  of  a dull  greenish  purple,  with  brighter  coloured  veins  ; 
the  flowers  are  small,  of  a greenish  colour.  A.  gan- 
gcticus  (Lai  sh&k),  an  erect  annual,  with  sub-erect  branches 
issuing  about  the  middle  of  the  stem  ; flowers  small,  of  a 
greenish  red  colour,  arranged  in  axillary  or  terminal  spikes ; 
a very  large  number  of  varieties  of  this  species  are  cul- 
tivated in  Bengal,  differing  chiefly  in  colour,  from  green, 
with  the  slightest  tinge  of  red,  to  bright  red  ; one  variety 
has  particularly  broad  leaves,  with  the  margins  green,  and 
the  centre  dark  purple.  A.  spinosus  (Kantd-nati),  an  erect 
ramous  annual  with  sharp  spines  in  the  axils  of  the 
leaves.  Celosia  argentea  (Swet  rnurgd),  an  erect  annual 
with  lanceolate  oblong  leaves  and  sub-cylindrical  spikes ; the 
flowers  are  small,  white ; this  plant  is  found  on  rice-fields,  &c. 
Celosia  cristata  (Lai  murga),  a common  erect  garden  annual, 
with  alternate  simple  leaves  and  terminal  panicles  of 
flowers,  having  their  peduncles  fused  together;  flowers 
red  or  gold  coloured.  Gomphrena  globosa  (Gul  makmal) 
is  an  annual  at  first  erect,  by  age  diffuse  ; heads  solitary  ; 
there  are  two  varieties,  one  with  crimson  flowers,  the  other 
with  white  ; they  blossom  during  the  rains  and  cold  season. 
Ackyranthes  aspera  (Apang),  very  common  everywhere 
during  the  rains  ; leaves  opposite,  obovate,  downy  ; flowers 
greenish. 


Chenopodiacece 

Are  chiefly  herbs  more  or  less  succulent;  with  usually 
alternate  exstipulate  leaves,  and  minute  flowers  with  a 
herbaceous  perianth  ; ovary  1-celled,  1-seeded,  with  a coiled 
embryo. 

The  habit  and  the  inflorescence  not  being  bractiated 
distinguishes  this  order  from  Amarantacese.  Basella  cor- 
difolia  (Puin  shdk),  a common  twining  succulent  peren- 
nial, with  cordate,  smooth,  entire  leaves ; and  spikes  of  small 
rose-coloured  flowers,  which  appear  in  January,  February, 
and  March  ; this  plant  is  much  cultivated  as  a vegetable  ; 


DETAILS  OF  DICOTYLEDONOUS  ORDERS. 


181 


there  are  several  varieties  of  it.  Beta  vulgaris  (Palang 
sluik)  is  also  largely  cultivated  for  its  root  and  leaves. 
Chenopodium  album  (Chandan  betu),  an  erect  annual, 
with  alternate  leaves  and  panicles  of  minute,  clustered, 
greenish  dowers.  Spinacia  tetandra  (Pinish),  an  annual 
erect  herb,  with  alternate  lobed  leaves,  and  very  small 
green  dowers ; much  cultivated  in  Bengal  as  a vegetable. 
Atriplex  hortensis  is  used  as  a vegetable  ; the  dowers  are 
polygamous,  unisexual,  and  perfect  in  the  same  plant. 

This  order  is  most  abundantly  diffused  in  waste  places 
outside  the  tropics. 

JSTyctaginacecc 

Are  herbs,  shrubs,  or  trees,  with  mostly  opposite  entire 
leaves;  stem  swollen  at  the  joints  ; perianth  petaloid,  long, 
lower  part  persistent;  ovary  superior,  1-celled,  1-seeded; 
stamens,  one  or  several,  hypogynous ; fruit  1-seeded,  en- 
closed in  the  hardened  base  of  the  perianth ; radicle 
inferior ; endosperm  mealy. 

The  peculiar  fruit  enclosed'  in  the  indurated  base  of 

the  perianth  and  the  inferior 
radicle  separtate  this  order 
from  Polygonacece.  Mirabilis 
Jalapa  ( Kishno-keli)  domes- 
ticated in  gardens  every- 
where ; is  in  dower  the  whole 
year;  there  are  several  varie- 
ties of  it — the  crimson,  the 
yellow,  and  the  white,  and  a 
blending  of  these  colors ; the 
perianth  is  contracted  imme- 
diately above  the  ovary ; the 
upper  portion  separates  after 
dowering ; the  lower  portion 
is  persistent  and  forms  an 
outer  envelope  of  the  fruit ; 
the  root  acts  as  a purgative. 
Boerhaavia  diffusa  (Gada- 
purna)  is  a common  perennial 
procumbent  plant,  with  oppo- 
site ovate  or  cordate  leaves 


Fig.  1C5. 


Mirabilis  Jalapa  (reduced). 
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and  loose  panicles  of  small  red  or  white  flowers.  Pisonia 
aculeata  ( Baghy a chard),  a common  large  straggling  shrub, 
with  oblong  leaves  and  greenish  white  flowers,  arranged 
in  axillary  panicles  ; it  makes  impenetrable  hedges.  Bou- 
gainvillea spectabilis  and  B.  glabra,  domesticated  from 
South  America,  are  remarkable  for  their  bright-coloured 
bracts.  The  roots  of  the  Nyctagiuacere  are  generally 
purgative. 


CALCUTTA  : THACKER,  SPINK  & CO. 


MONOCOTYLEDONS. 


Flowering  plants  are  classified  (see  page  80r/)  into  two 
divisions  : ls£,  Angiospermia,  in  which  the  ovules  are  pro- 
duced in  the  interior  of  a structure  (the  ovary)  formed  by 
the  cohesion  of  carpellary  leaves ; 2nd,  Gymnospermia, 
in  which  the  ovules  are  not  enclosed  in  an  ovary.  The 
Angiospermia  are  again  divided  into  two  classes — Dicoty- 
ledons and  Monocotyledons. 

The  seeds  of  monocotyledons  usually  contain  a strongly 
Fig.  16G.  developed  endosperm 

and  a comparatively 
small  embryo;  these  are 
particularly  well  seen 
in  large  seeds,  such  as 
those  of  Phoenix,  Cri- 
num,  and  Cocos  (see 
Fig.  166).  In  the 
Orchidese  and  some 
other  orders,  the  parts 
of  the  embryo  of  the 
ripe  seed  are  not  dif- 
ferentiated. 

The  growth  of  the 
x primary  roots  of 
monocotyledons  soon 
ceases,  even  when  they 
are  strongly  developed 
during  germination, 
as  in  Palmeae,  Lili- 
acere,  &c. ; and  second- 
ary roots  are  developed  in  their  place,  which  are 
stronger  the  higher  up  they  are  produced  on  the  axis.  In 
grasses  the  vascular  bundles  form  a closed  hollow  cylinder, 
which  at  first  encloses  the  central  pith. 


Section  of  a cocoanut  showing  the  seed  x,  with 
a minute  embryo. 
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The  plumule  of  the  embryo  is  usually  enclosed  in  a 
Fig.  J67.  single  sheathing  coty- 

ledon, the  apex  of  which 
usually  remains  within 
the  seed  during  germi- 
nation,  and  rarely  de- 
velops into  a sheath- 
like leaf.  The  axis  of 
the  embryo  at  first 
takes  the  form  of  an 
inverted  cone,  depend- 
ent on  the  first  formed 
portions  of  the  stem 
retaining  their  original 
size,  while  each  succes- 
sive portion  is  larger ; 
after  a time  the  stem 
becomes  cylindrical.  The  most  striking  peculiarity  of  a 
cross-section  of  a monocotyledonous  stem  at  first  sight  is  the 
isolation  of  the  fibro-vascular  bundles  (see  Fig.  107).  The 
iibro- vascular  bundles  grow  outwards  crossing  the  growing 
cellular  tissue  (secondary  meristem),  in  which  place  they 
branch, — one  division,  expanding  into  a number  of  fibres, 
enters  the  leaf  through  the  epidermal  layer,  the  other  taking 
a similar  course  to  the  next  older  bundle.  The  bundles 
being  of  the  closed  kind,  i.e.,  being  incapable  of  producing 
new  tissue,  they  acquire  their  full  development  before  the 
leaf  to  which  they  belong  falls;  hence,  as  a general  rule, 
the  stems  do  not  increase  in  diameter  to  such  an  extent 
as  they  do  in  dicotyledons. 

The  bundles  formed  from  the  united  fibres  are  most  strong- 


Seetion  of  n stem  of  a palm,  showing  1 lie 
isolation  of  the  (ibro-vascular  bundles. 


]y  developed  at  the  curved  portion  towards  the  centre  of 
the  stem  ; the  lower  portion  of  the  bundles  being  expand- 
ed into  distinct  fibres  in  a manner  similar  to  the  upper 
portion. 

The  usual  mode  of  branching  of  monocotyledons  is  mono- 
podia! (see  modes  of  branching,  page  15 ),  i.e.,  the  generating 
structure  continues  to  grow  at  its  apex,  while  lateral  struc- 
tures are  given  off  beneath  it;  a bud  is  generally  formed  in 
the  axil  of  each  leaf,  but  often  does  not  unfold,  so  that  the 


number  of  branches  is  often  less  than  that  of  the  leaves. 
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The  foliage  leaves  of  monocotyledons  ^ are  commonly 
arranged  alternately  in  two  rows  (see  Fig.  168) ; the  arrange- 

Fig.  169. 


Fig.  168. 


Diagram  showing  the  alter- 
nate arrangement  of  the  foli- 
age leaves  on  the  stem,  as 
occurs  in  many  Monocotyle- 
dons. 


Horizontal  projection 
of  a cycle  of  the  J 
arrangement  of  leaves. 


ment  with  the  angle  of  divergence,  Jrd,  is  much  rarer 
(see  Fig.  169),  but  occurs  in  some  Cyperacese,  Pandanciceae, 
° Fig.  170.  &c. ; in  some  Musaceae  the  angle  of 

divergence  is  fth : spiral  arrange- 
ments of  foliage  leaves  are  common 
in  Aloe,  Palms,  &c,,  &c.  The  foliage 
leaves  are  usually  sheathing  at  the 
base;  this  is  evidently  connected 
with  the  want  of  stipules,  which  are 
so  frequently  found  among  dicotyle- 
dons. The  venation  of  the  foliage 
leaves  differs  from  that  of  most  dico- 
tyledons in  the  veins  not  generally 
projecting  on  the  underside  of  the 
leaf,  but  running  through  the  central 
tissue  (or  mesophyll) ; their  course, 
too,  is  usually  parallel,  straight,  or 
curved,  or  when  a strong  midrib 
occurs  in  a broad  lamina,  as  in  Musa- 
ceae,  &c.  (see  Fig.  170),  the  libro- 
vascular  bundles  which  go  through 
it  give  off  laterally  smaller  bundles, 
which  run  parallel  to  one  another  to 
the  margin  of  the  leaf.  It  is  only 
rarely  that  the  leaves  are  netveined, 
Judica.  as  in  Sniilacese  and  Dioscoreaceoe. 
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Ihe  flowers  of  most  monocotyledons  consist  of  five 
alternating  whorls  (see  Fig.  171),  each  with  an  equal 
number  of  members,  viz.,  an  outer  and  inner  perianth  whorl, 


an  outer  and  inner  whorl 


Fig.  171. 


Floral  diagram  of  a typical  mono- 
cotyledon, as  occurs  in  Liliacees ; 
representing  a flower  consisting  of 
five  alternating  whorls,  each  with 
three  members,  of  which  the  two 
outer  ones  constitute  the  perianth, 
the  two  next  the  andrcecium,  and  the 
middle  one  the  gyncecium. 


of  stamens,  and  a carpellary 
whorl.  There  are  usually 
three  members  in  each  whorl. 
Tlie  two  whorls  of  members 
of  the  perianth  are  commonly 
similar  in  form  and  colour ; 
hence  they  are  not  usually  dis- 
tinguishable as  calyx  and  co- 
rolla; sometimes, however,  the 
outer  perianth  whorl  is  green 
and  sepaloid,  and  the  inner 
whorl  larger  and  petaloid,  as 
in  Alisma,  Tradescantia,  &c. 
The  stamens  of  monocotyle- 
dons scarcely  ever  branch  as 
is  often  the  case  in  dicotyle- 
dons. 


Adhesion  of  the  perianth  and  stamens  occurs  much  less 
constantly  in  particular  families  among  monocotyledons 
than  among  dicotyledons.  The  prevailing  form  of  the 


Fig.  172. 


Orthotropous 
ovule  as  in 
Smilace*. 


Fig.  173. 


Campylotropous 
ovule  as  in  some 
Scitamineae. 


Fig.  174. 


Anatropous 
ovule  as  in  Gra- 
miueaj. 


ovule  is  anatropous,  as  in  Graminese  (see  Fig.  174);  in 
some  Scitamineae,  &c.,  the  ovules  are  campylotropous  ( see 
Fi<r.  173);  in  Sinilacem  and  a few  Aroide0e,&c.,  the  ovules 
are  orthotropous  (see  Fig.  172). 
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Abstract  of  Monocotyledonous  Orders. 

The  arrangements  of  monocotyledons  lately  made  by 
Mr.  Bentham  is  here  adopted.  He  divides  the  whole  class 
into  four  series.  The  two  first  series,  Epigynse  and.  Coro- 
nariese,  include  flowers  with  a double,  usually  petaloid, 
perianth,  and  with  a syncarpous  ovary.  The  position  of  the 
ovary  serves  to  distinguish  the  two  series ; in  the  1st, 
Epigynse,  it  is  inferior ; in  the  2nd,  Coronariese,  it  is  supe- 
rior. The  ovary  in  the  3rd  series,  Nudiflorse,  is  mostly 
apocarpous  ; and  the  ovary  of  the  4 th,  Glumales,  is  always 
uniovular. 

“Hydrocharideae : Ex.,  Vallisneria. 
Scitaminese  : Ex..  Plantain. 
Orchideae  : Ex.,  Orchids. 
Burmanniaceaa  : Ex.,  Burmannia. 
...  ■(  Iridese  : Ex.,  Gladiolus. 

Amaryllidaceae : Ex.,  Crinum. 
Taccacese  : Ex.,Tacca. 

DioscoreaB : Ex..  Yam. 

Bromeliaceae : Ex.,  Pineapple. 

'Roxburghiacese : Ex. 

Liliaceaa  : Ex.,  Onion. 

Smilaceae  : Ex.,  Smilax, 

! Pontederacese  : Ex  , Pontedera. 

; Commelinaceae  : Ex.,  Tradescantia. 
I Xyrideae  : Ex.,  Xyris. 

I Juncaceae  : Ex..  Rush. 

^Palmeae : Ex.,  Palms. 

T Pandanacese  : Ex.,  Screwpine. 

\ Aroideae  : Ex  , Caladium. 

J Typhaceae  : Ex., Elephant  grass. 
jPistiaceas:  Ex.,  Duck- weed. 
/Naidacea::  Ex.,  Potamogeton. 

I.  Alismaceae  : Ex.,  Sagittaria. 

f Eriocauloneaa  : Ex.,  Eriocaulon. 

...  < Cyperaceas  : Ex.,  Sedges. 
tGramineaj  : Ex.,  Grasses. 

Series  I. — Epigynce. 

Flowers  with  a double,  usually  petaloid,  perianth  ; ovary 
usually  inferior,  syncarpous. 

Order  I,  Hydrockarideee. — Are  aquatic  herbs,  with  usual- 
ly unisexual  regular  flowers  issuing  from  a spathe  at  the 
end  of  the  scape-like  peduncles.  Example  : Hvdrilla  verti- 
cellata. 


Epigynse 


Coronariese 


MOXOCOTY-  , 
LEDONS. 


Nudiflorae 


Glumales 
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Order  IT,  Scitainiiiect!. — Are  herbs  with  irregular  bright 
coloured  ilowera;  stamen  1 (in  the  Suborder Musem  there 
are  5 fertile  stamens).  Example:  Plantain,  Ginger,  Arrow- 
root.  , 

Order  11 1,  Orchidece, — Are  herbs  with  irregular  flowers  ; 
stamen  usually  1,  rarely  2 gynandrous,  pollen  cohering  into 
waxlike  or  mealy  masses  (pollinia).  Example  : Vanda. 

Order  1 V,  B unnanniaccev. — Are  herbs  with  grass-like  or 
scale-like  leaves;  flowers  regular,  hermaphrodite  ; perianth 
bright  coloured  ; stamens,  3 introrse,  or  G extrorse.  Ex- 
ample : Burmannia  disticha. 

Order  V,  Irideiv. — Aro  herbs,  with  a 6-parted  peta- 
loid  perianth ; stamens  3 ; anthers  extrorse  ; stigmas  3,  often 
petaloid.  Example  : Pardanclius  chinensice  (Das-bri.hu). 

Order  VI,  AmarijUidacecv. — Aro  herbs,  with  a 6-leaved 
petaloid  perianth ; stamens  6,  inserted  on  the  perianth- 
tube  ; anthers  introrse.  Example:  Crinum  Asiaticum (Bara- 
krinrir). 

Order  VII,  Taccacccv. — Aro  perennial  herbaceous  plants, 
with  radicle  leaves  and  regular  hermaphrodite  flowers  in 
umbels  or  long  scapes ; perianth  petaloid  ; stamens  6,  with 
petaloid  filaments;  ovary  1-celled,  with  3 parietal  pla- 
centas. Example : Tacca  primatifida. 

Order  VIII,  Dioscorccv. — Plants  with  twining  stems  and 
net- veined  leaves;  flowers  regular,  dioecious.  Example: 
Dioscorea  globosa  (Chupri-alu). 

Order  IX,  Bromeliacece. — Are  herbs,  with  fleshy  or  dry 
crowded  leaves  sheathing  at  the  base ; perianth  in  two  circles 
differently  coloured;  stamens  G;  ovary  sometimes  superior, 

3- celled.  Example  : Bromelia  ananas,  L. 

Series  II. — Coronariccv. 

These  plants  have  flowers  with  a double,  usually  peta- 
loid, perianth;  ovary  superior,  almost  always  syncarpous. 

Order  /,  Boxb ttrghiaceoe. — Aro  twining  shrubs  with 

4- merous  flowers;  ovary  1-celled;  stigma  sessile.  Example: 
Roxburghia 

Order  II,  Liliacccv.  — Are  herbs,  with  parallel-veined 
leaves  and  regular  6-androus  flowers;  anthers  introrse; 
ovules  anatropous  or  amphitropous.  Example  : Allium  cepa 
(Onion). 
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Order  III , Smilacece. — Are  herbs  or  climbing  shrubs,  with 
net-veined  leaves  and  regular  hermaphrodite  or  dioecious 
flowers;  ovules  orthotropous.  Example:  Smilax. 

Order  1 V,  Pontederacece. — Are  aquatic  herbs,  with  per- 
fect, more  or  less  irregular,  blue  flowers  enclosed  in  a 
spathe  ; perianth-segments  all  petaloid.  Example  : Pon- 

tederia  vaginalis. 

Order  V,  Commelinacece. — Are  herbs,  with  jointed,  often 
branching,  leafy  stems  and  irregular  perfect  flowers  ; outer 
leaves  of  perianth  sepaloid,  inner  petaloid,  each  of  three 
parts.  Example  : Commelina  communis. 

Order  VI,  Xyridece. — Are  sedge-like  herbs,  with  flowers 
in  scaly  heads;  stamens  3 ; anthers  extrorse;  perianth-seg- 
ments G,  outer  scarious;  ovary  1 -celled.  Example:  Xyris 
indica. 

Order  VII,  Juncacece. — Are  herbs  of  a sedgy  or  grass- 
like appearance,  with  often  capitate  inflorescence;  perianth 
of  six  similar  scale-like  pieces;  stamens  G,  rarely  3. 
Example  : Flagillaria  indica  (Ban-chandar). 

Order  VIII,  Palmece. — Are  usually  arborescent  plants, 
with  simple  unbranched  stems,  bearing  large  terminal 
clusters  of  mostly  compound  or  deeply  divided  stalked 
leaves  ; flowers  hermaphrodite  or  unisexual  on  a simple  or 
branched  padix  enclosed  in  a one  or  many  valved  spathe. 
Example  : Cocos  nucifera. 

Series  III. — Nudiflorce. 

Flowers  usually  achlamydeous,  with  a dry  scarious  peri- 
anth ; ovary  mostly  apocarpous. 

Order  I,  Pandanacece. — Are  trees  or  shrubs;  with  long, 
narrow  leaves,  imbricated  in  three  spiral  rows ; flowers 
unisexual  or  polygamous,  arranged  on  a simple  or  branched 
spadix,  furnished  with  numerous  spathe-like  bracts;  peii- 
anth  none  or  consisting  of  a few  scales.  Example  : Pan- 
danus  odoratissimus. 

Order  II,  Aroidece. — Are  plants,  with  usually  net-veined 
leaves  ; flowers  mostly  monoecious,  sessile,  arranged  on  a 
spadix  ; perianth  wanting,  or  of  4 to  6 scales.  Example  : 
Colocasia  antiquorium. 

Order  III,  Typliacece. — Are  marsh  herbs,  with  linear 
leaves  and  monoecious  flowers,  arranged  on  a spadix  or  in 
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heads;  perianth  none  or  reduced  to  a whorl  of  hairs ; 
ovary  solitary,  1-celled.  Example : Typha  elephantina 
(Hogla). 

Order  IV,  Pistiacece. — Are  plants  floating  free  on  water, 
having  one  female  and  several  male  flowers  within  each 
spathe.  Example:  Pistia  stratiotes. 

Order  V,  Naidaceai. — Are  slender  floating  or  submerged 
plants,  with  jointed  stems  and  long  leaves;  flowers  incon- 
spicuous, hermaphrodite,  monoecious  or  dioecious ; peri- 
anth of  from  1 to  4 scaly  pieces  or  none.  Example  : Potamo- 
geton  indica. 

Order  VI,  Alismacecv. — Are  aquatic  plants,  mostly  with 
broad  petiolate  leaves  and  scape-like  flowering  stems ; 
flowers  in  umbels,  racemes,  or  panicles,  perfect  or  monoe- 
cious; perianth  of  six  pieces.  Example  : Sagittaria  (Chota- 
kat). 

Series  I V.—Glumales. 

Perianth  replaced  by  membranous  scales;  ovary  always 
uniovulate  or  with  uniovulate  loculi. 

Order  I,  Eriocaulonece. — Arc  aquatic  or  marsh  herbs,  with 
grass-like  leaves ; flowers  arranged  in  dense  heads,  monoe- 
cious, sometimes  dioecious  ; perianth  glumaceous;  ovary  1 to 
fl-celled.  Example  : Leucocephala  graminifolia. 

Order  II,  Cyperacece. — Are  grass-like  herbs,  with  fibrous 
roots,  and  solid,  frequently  angular,  stems;  leaf-sheaths 
tubular,  closed,  without  ligules ; flowers  perfect  or  unisexual. 
Example  : Cyperus  rotundus  (Miitha). 

Order  lit,  Graminece. — Are  mostly  herbaceous  plants, 
rarely  arborescent,  usually  with  cylindrical  hollow  jointed 
stems,  and  narrow  alternate  leaves,  with  tubular  sheaths, 
split  down  at  the  side,  opposite  to  the  blade,  often  with  a 
ligule  at  its  summit;  flowers  usually  hermaphrodite,  some- 
times monoecious  or  potygamous.  Example : Pice  and 
Bamboo. 


Details  of  Monocotyledonous  Orders. 
Ilydrochari  dece 

Are  aquatic  herbs,  with  usually  unisexual  regular  flowers, 
issuing  from  a spathe  at  the  end  of  the  scape-like  pedunclesr; 
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the  perianth  consists  of  one  or  two  whorls,  the  inner,  when 
present,  petaloid ; ovary  inferior ; seeds  without  endos- 
perm. 

The  combination  of  the  characters  of  this  order  serves  to 
distinguish  it  from  all  other  monocotyledons,  while  the 
characters  taken  separately  connect  it  with  many. 


Hydrilla  verticellata  is  a submerged  water  plant  with 
filiform  jointed  stems,  sometimes  creeping,  sometimes 
floating  below  the  surface  of  the  water ; leaves  sessile, 
verticillate  ; flowers  small,  white,  axillary.  This  plant  is 
used  by  sugar-refiners  for  the  purpose  of  purifying  sugar  ; 
the  moisture  which  it  contains  slowly  percolates  through 
the  sugar,  carrying  off  impurities. 


Fig.  175. 


Plants  of  Vallunevia  spiralis  (reduced). 


V alii sn evict  spi- 
ralis (see  Fig.  175) 
is  a submerged 
water  plant,  with  ra- 
dicle grass-like  leaves  ; 
it  grows  abundantly 
in  fresh  water  tanks; 
the  female  flowers  are 
borne  upon  long 
spirally  - twisted  pe- 
duncles, which  permit 
them  to  reach  the  sur- 
face, where  they  come 
into  contact  with  the 
detached  floating  male 
flowers. 


V.  octandra  ( Sheyfda)  is  also  very  common  ; also  V. 
alternifolia  (Rasnajhanji).  Ottellia  alismoides  (Pani-kala) 
is  an  aquatic  annual,  with  radical,  petiolate,  cordate,  waved 
leaves  and  whitish  flowers,  which  appear  during  the  rains  ; 
capsule  oblong,  six,  grooved,  crowned  with  the  withered 
perianth. 
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Fig.  17G. 

The  submerged  leaves  of  se- 
veral species  of  this  order  are 
well  suited  to  show  the  rota- 
tion of  the  cell-sap  (see  Fig. 
17G). 

Scitaminece 

Are  herbs,  often  very  robust, 
and  sometimes  arborescent, 
having  large  leaves  and  irregu- 
lar, usually  brilliantly -coloured, 
flowers;  fertile  stamen  1 (or  5 in 
the  Suborder  Musacese),  with 
five  petal-like  staminodes ; 
ovary  inferior,  3-celled. 

This  order  is  usually  divided 
into  three  suborders:  Zivgi- 
beracece,  Marantacece,  and 
Musacece.  The  Suborder  Zin- 
giber acecs  is  distinguished  from 
the  other  two  by  the  fertile 
stamen  being  posterior,  and 
the  anther  2-celled,  and  by 
the  embryo  being  contained  in  a special  sac  or  vitellus. 
Suborder  2,  Marantacece,  has  the  outer  circle  of  stamens 
more  or  less  developed  in  a petaloid  form,  and  but  one  lateia 
stamen  of  the  inner  circle  fertile.  Suborder  3,  Musacccc, 
has  usually  five  fertile  stamens.  From  the  great  prevalence 
of  these  plants  in  the  Indo-Malayan  region  and  also  in 
the  neighbouring  islands  of  Java,  Borneo,  tw  ’. 

&c,  this  region  has  received  the  name  of  the  °f 

the  Scitaminece.”  The  principal  plants  o ie  su  ^ . 

Zingiberacese  are  Zingiber  officinale  (Adruk,  ada).  it 
uniVersally  cultivated  in  India  for  the  sake  of  its  ihizomes 
the  flowers  are  small  whitish  purple,  and  appeal  in ^ tl 
rains.  Curcuma  longa  (Haldi)  is  likewise  cu  < < 

over  India;  the  flowers  are  large  yellowish  white,  and 
appear  in  the  rains.  C.  aviacla  has  small  yellowish  white 
flowers,  which  appear  during  the  rainy  season,  le  les 
root  has  the  smell  of  a green  mango.  Amomum  carda- 


Cells  from  the  leaf  of  Vallisneria 
spiralis;  the  round  bodies  are  grains 
of  chlorophyll,  the  arrows  denote  the 
direction  of  the  currents  of  proto- 
plasm (after  Thome) 
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momum  has  flowers  of  a light  rose  colour,  tinged  with  yellow, 
which  appear  in  April ; the  seeds  are  agreeably  aromatic. 

Elettaria  carclamomum  (Elachi),  the  seeds  of  which 
are  commonly  known  as  cardamoms.  Hedj/chium  coro- 
narium  (Dulal-champtl)  is  a native  of  various  parts  of 
Bengal ; it  flowers  during  the  rains  ; the  flowers  are  hand- 
some, large,  pure  white,  and  very  fragrant;  it  is  the  most 
charming  plant  of  this  order.  Costus  speciosus  is  a native 
of  moist  shady  places ; it  flower's  during  the  wet  season. 

The  principal  plants  of  the  Suborder  Marantacece  are 
Maranta  arundinacea  (Arrowroot) ; its  flowers  are  pure 
white  and  appear  in  the  rains';  arrowroot  is  prepared 
from  the  rhizomes  by  maceration  in  water. 

M.  dichotoma  ( Muktapati)  is  a native  of  various  parts  of 
India  ; flowering  time  the  hot  season.  Mats  made  of  the 
split  stems  (sital-pati)  are  smooth  and  particularly  cool ; 
they  are  in  general  use  everywhere  in  India. 

Canna  Indica  (Indian  shot),  common  over  India  ; it  is 
in  flower  and  seed  most  part  of  the  year  ; there  are  two  com- 
mon varieties — one  with  red,  the  other  with  yellow,  flowers. 

The  principal  plants  of  the  Suborder  Musacese  are  Musa 
paradisiaca,  indigenous  in  the  forests  of  Chittagong  and 
Cachar;  the  number  of  cultivated  varieties  is  very  large. 

Fig.  177.  Fig.  178. 


Diagram  showing  the  mnltilo- 
cular  compound  ovary  of  the 
plantain. 


Spiral  thickening  of  a 
vensel  from  a leaf  of  the 
plantain  (magnified). 
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The . fibres  of  the  petioles  of  M.  textilis  is  known  as 
Manilla  hemp.  Spiral  vessels  can  be  well  seen  b}r  exa- 
mining a portion  of  the  leaf  of  the  common  plantain  undeY 
the  microscope  (see  Fig.  177). 

Other  genera  are:  Kampfem,  L.;  Alpinia,  L. ; Globba, 
L. ; Phrynium,  Willd. ; Calathea,  Meyr. ; Heliconia,  L. ; 
Ravenala,  Adaus. 


Flg-  l80-  Orchidece 

Are  herbs, 
with  regular 
flowers ; per  i- 
anth  in  two 
whorls;  stamen 
1 (or  2 in  the 
tribe  Cypripe- 
dieae)  gynan- 
drous ; pollen  co- 
hering into  wax- 
like or  mealy 
masses;  ovary 
inferior,] -celled, 
with  parietal 
placentas ; seeds 
extremely  nu- 
merous and 
small. 

Diagram  of  the  flower  of  an  Orchid. 

The  flowers  of  Orchideae  can  be  derived  from  the  type  represented  in 
Fig.  171,  although  their  external  form  is  so  remarkably  different;  of 
the  andrcecium  only  a single  stamen  is  completely  developed  in  most 
orchids,  viz.,  the  anterior  one  of  the  outer  whorl,  the  others  being 
abortive. 

The  suppression  of  2 out  of  3 stamens  connects  this 
order  with  Marantacese  and  Zingiberacese.  The  orchids,  how- 
ever, differ  very  considerably  from  all  other  monocotyle- 
dons ; — 1st,  in  the  usually  great  irregularity  of  the  perianth, 
especially  in  the  posterior  member  of  the  inner  circle  (the 
labellum  ; frequently  anterior  by  the  twisting  of  the  ovary), 
which  is  sometimes  developed  into  a spur  or  nectary ; 2nd, 
in  the  filament  being  coherent  with  the  style  forming 
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the  column ; 3rd,  in  the  ridges  occurring  in  the  column 

and  labellum,  which  are  believed  to  be 
abortive  stamens,  giving  rise  to  the 
opinion  that  the  elements  of  two  circles 
of  stamens  exist  in  this  order,  of  which 
five  are  usually  suppressed  ; 4>th,  in  the 
prolongation  of  the  upper  edge  of  the 
stigma  (the  rostellum) ; and  5 th  and 
lastly,  in  the  pollen  being  less  developed 
than  usual ; the  process  of  sub-division 
into  distinct  pollen-grains  being  arrest- 
ed, so  that  it  remains  inmasses  ( pollinia ) 
(see  Fig.  181)  sometimes  provided  with 
a pedicel  or  caudicle,  which  adheres 
to  a gland  or  glands  at  the  apex  of  the  stigma.  The 
lobellum,  rostellum,  and  caudicle  are  sometimes  endowed 
with  contractile  properties.  The  Orchidese  are  terrestrhd 
in  temperate  climates ; in  warm  and  moist  climates  they 
are  frequently  epiphytic,  hanging  on  the  branches  of  trees, 
or  even  attaching  themselves  to  rocks,  &c.  They  are  most 
abundant  in  damp  situations.  , 

The  following  classification  of  the  genera  in  tribes  has 
lately  been  proposed  by  Mr.  Bentham,  in  the  journal  of 
the  Linnean  Society  : — 


Fig.  182. 


Fig.  181. 


Pollinia  with 
caudicles  and  gland 
(magnified). 
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Tribe  1,  Epidendrece. — Anther  1 ; dorsal  operculate, 
usually  incumbent,  with  the  cells  distinct  and  parallel ; 
pollinia  waxy,  in  one  or  two  series  parallel,  two  or  four 
in  each  series  (1 — 4 in  each  cell),  free  or  joined  in  each  cell 
by  a viscous  substance  or  a granular  appendage,  very  rarely 
attached  to  the  rostelhun. 

This  tribe  is  formed  by  the  union  of  Lindley’s  Malaxidese 
and  Epidendrese,  which  he  had  distinguished  by  the  ab- 
sence or  presence  of  a caudicle  to  the  pollen  masses;  but 
this  character  is  very  obscure  in  many  genera. 

Mr.  Bentham  divides  this  tribe  into  nine  subtribes, 
based  mainly  on  the  vegetative  characters  and  the  number 
of  pollinia.  The  subtribe  Dendrobise  is  the  most  profusely 
represented  in  India,  especially  the  large  genus  Dendrobium, 
which  numbers  some  three  hundred  species,  ranging  from 
India  and  Japan  to  Australia  and  New  Zealand.  D. 
Pierardii  is  one  of  the  commonest  orchids  in  the  plains  of 
Bengal,  growing  generally  on  mango  trees  : it  has  jointed 
stems,  2 to  5 feet  long  ; alternate,  sessile,  oblong  lanceolate 
leaves,  and  large  showy  yellowish  white  flowers,  issuing 
from  the  nodes  of  the  stem.  The  subtribe  Coelogyneae  is 
also  largely  represented  in  India.  Several  handsome  species 
of  the  genus  grow  on  rocks  in  the  Himalayas  at  an  eleva- 
tion of  4,000  to  8,000  feet. 

Tribe  2,  Vandece. — Anther  1 ; dorsal  operculate,  lying 
upon  or  against  the  rostellum,  with  the  cells  very  often 
confluent  during  flowering;  pollinia  waxy,  very  often  2, 
obliquely  or  transversely  grooved,  or  4,  in  pairs,  fore  and 
aft;  anther-case  deciduous;  pollinia  with  a gland  or  plate 
constituting  the  pollinarium.  This  tribe  is  again  divided 
into  eight  subtribes,  whereof  the  Sarcan these  are  the  most 
numerous  and  conspicuous  in  India,  Vanda  teres,  V.  Rox- 
burghii,  and  Saccolabium  guttatum  are  common  examples 
in  Bengal.  The  first  grows  only  in  the  grass  of  the  Sun- 
derbuns  ; and  the  second  is  very  common  on  mango  and 
other  trees  : it  has  dusky,  ferruginous  flowers,  with  a mix- 
ture of  yellow  and  white,  produced  during  the  rainy  season. 
The  Saccolabium  grows  on  trees  in  the  tidal  swamps. 

Tribe  3,  Neottiece. — Anther  1 ; dorsal  operculate  or  erect 
and  persistent,  with  distinct  parallel  cells  ; pollinia  granu- 
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lar  or  powdery  ; steins  not  thickened  into  pseudobulbs. 
With  this  Mr.  Bentham  combines  Liudley’s  Arethusese. 

Tribe  4,  Ophrydece. — Anther  1 ; dorsal  erect,  prone 
or  reflexed,  with  distinct,  parallel  or  divergent  cells,  ad- 
nate  to  the  anther-bed,  and  often  continued  at  the  base 
into  the  rostellum ; pollinia  granular,  produced  downwards 
in  each  cell  into  a caudicle. 

Platanthera  susannae  and  several  species  of  Habenaria 
represent  this  tribe,  which  consists  almost  entirely  of 
ground-orchids. 

Tribe  5,  Gypripecliece. — Anthers  2,  sessile  at  the  sides 
of  the  rostellum,  or  stalked. 

The  genus  Cypripedium  is  represented  by  three  or  four 
species  in  Assam.  They  are  ground-orchids,  remarkable 
for  their  large  slipper-shaped  labellum. 

Aspostasia  has  been  regarded  as  a separate  order,  but 
like  some  other  Cypripedieae  it  only  differs  from  the  bulk  of 
orchids  in  haying  a 3-celled  ovary. 

AmaryllidecB 

Are  herbs  having  leaves  with  veins  diverging  from  the 
base  and  parallel  to  the  mid-rib,  with  a G-leaved  petaloid 
perianth  and  6 stamens;  ovary  inferior,  3-celled. 

This  epigynous  order  contrasts  with  the  hypogynous 
Liliacese. 

The  order  includes  many  ornamental  species  prized  in 
gardens.  Crinum  Asiaticum  (Bara  kanur)  (see  Fig.  183) 
is  a large  bulbous  herb  common  in  gardens,  with  smooth, 
linear,  lanceolate  radicle  leaves  and  large  umbels  of  regular 
white  flowers,  which  appear  during  the  wet  season,  and 
more  or  less  the  whole  year.  In  this  species  the  bulb  is 
often  prolonged  above  the  surface  of  the  ground,  so  as  to 
form  a short  trunk.  Amaryllis  grandiflora  is  common  in 
gardens;  the  flowers  are  large  flesh-coloured. 

Agave  Americana  is  now  naturalized  in  most  parts  of 
India;  preparations  ot  the  root  are  used  medicinally  by  the 
Mexicans.  Carculigo  orchioides  is  a small  plant  common  in 
most  parts  of  India;  the  roots  are  tuberous,  about  4 inches 
long,  having  a slightly  bitter  taste;  they  are  used  in 
medicine.  (This  differs  from  the  normal  Amaryllidaceue  in 
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Fig.  183. 


Fig.  184. 


Scape  of  Amaryllis 
with  2 flowers. 


Crinum  Asialicum,  reduced  (after  Oliver). 

having  a 1-cclled  ovary  with 
three  parietal  placentas,  and 
is  usually  referred  to  the  Hy- 
poxideae,  which  some  botanists 
regard  as  an  independent 
order,  while  others  would 
class  them  as  a suborder  of 
the  present  order.) 

Dioscoridece 
Are  plants  with 
stems  (see  section 
page  12)  and  net 
leaves  ; flowers  regular,  dioeci- 
ous; stamens  6;  ovary  3-celled. 

The  twining  habit  and  net- 
veined  leaves  distinguish  this 
order  from  the  Amaryllidaceae. 
Dioscorea  globosa  (Chupri- 


twining 

stems, 

•veined 


Fig.  185. 


Versatile 
anther  of 
Amaryllis. 


DETAILS  OF  MONOCOTYLEDONOUS  ORDERS. 


199 


alu)  is  the  most  esteemed  of  all  the  yams ; the  tubers  are 
roundish  white ; the  stems  twine  to  the  right  (dextrorse) 
like  the  English  hop;  the  leaves  are  alternate  and  opposite 
cordate,  and  the  flowers  are  small  white;  they  appear 
during  the  rains.  D.  alata  (Kham  hlii)  is  also  much  culti- 
vated ; the  stems  twine  as  in  D.  globosa  ; flowering  time  the 
close  of  the  rains  : the  tubers  are  sometimes  of  great  size. 
D.  rubella  (Garaniya  alii)  is  also  commonly  cultivated. 
There  are  several  other  common  species.  Minute  green 
bulbils  are  often  borne  in  the  axils  of  the  leaves  of  some 
species  of  Dioscorea  (see  section  stem,  page  16). 


Fig.  186. 


Climbing  stem  of 
Dioscorea,  twining 
to  the  right. 


Fig.  187. 


Portion  of  stem  of  Dioscorea,  with 
a bulbil  in  the  axil  of  the  leaf. 


Bromeliacece 

Are  herbs,  with  fleshy  or  dry  crowded  leaves,  sheathing  at 
the  base,  usually  covered  with  scales  ; the  parts  of  the 
outer  whorl  coherent,  of  the  inner  distiuct ; stamens  6 
ovary  3-celled,  free  or  adherent. 
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Fig.  188. 


I’olvtlialnmic  fruit 
(Sorosis)  of  Aminas  salivus. 

Fig.  189. 


Many  of  the  Bromeliaceae  have 
free  ovaries.  The  Bi’omeliaceae 
are  wholly  American,  and  the 
only  plant  of  this  order  common 
in  India  is  Ananas  sativus  (see 
Fig.  188) ; which  flowers  about 
the  beginning  of  the  hot  season. 
This  plant  is  important,  not  only 
on  account  of  its  delicious  fruit, 
but  also  on  account  of  the  fibres, 
which  abound  in  the  leaves ; 
from  which  cloth  has  been  manu- 
factured as  fine  as  muslin.  Most 
of  these  plants  are  epiphytic,  ap- 
pearing to  be  capable  of  obtain- 
ing the  greater  part  of  their  nour- 
ishment from  the  atmosphere. 

Liliacece 

Are  herbs,  with  parallel 
veined  leaves  and  regu- 
lar C-androus  flowers  ; 
anthers  introrse ; perianth 
petal oid,  6-merous  ; ovary 
3-celled  with  central  pla- 
centation  ; ovules  anatro- 
pous;  seeds  with  fleshy 
endosperm. 


Petaloidperianth  of  a Lily. 


Fig.  190. 


Orthotropous 
ovule  as  in 
Smilacew. 


Fig.  191. 


Anatropous 
ovule  as  in 
Liliacece. 


The  Liliaceae  have  widely 
spreading  relations,  although  the 
typical  forms  are  at  once  distin- 
guishable ; the  superior  ovary  se- 
parates them  from  Amaryllidaceae: 
the  tribe  Asparageae  closely  re- 
sembles the  Smilaceae  in  appear- 
ance and  general  character;  all 
the  Liliaceae,  however,  have  ana- 
tropous or  amphitropous  ovules  ; 
whereas  in  Smilaceae  the  ovules 
are  orthotropous. 
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Gloriosa  superba  (Ulat- 
cliandal)  lias  a climbing 
herbaceous  stem  ; the  mid- 
ribs of  the  leaf  terminate 
in  tendrils  (see  Fig.  192) ; 
the  flowers  are  large,  and 
the  style  has  a peculiar 
sensitive  motion ; the.se 
plants  appear  during  the 
rainy  season. 

Lilium  longifolium  is 
a common  garden  plant ; 
the  flowers  are  large  white 
and  fragrant,  and  appear 
about  March.  Polianthes 
tuberosa  (Rajani  gandha) 
is  a common  garden  perennial,  celebrated  for  the  fragrance 
of  its  large  white  flowers.  The  leaves  of  Sanseviera 
Roxburghiana  (Murbd)  yield  the  tenaceous  fibre,  termed 
bowstring  hemp.  S.  guineensis  and  S.  capensis  are 
common  in  gardens.  The  former  has  peculiar  dark  green 
ribbed  horn-like  leaves. 


Fig.  193.  Fig.  194. 


Fig.  192. 


A curvinerved  leaf,  ending  in 
tendril,  of  Gloriosa  superba. 


Scaly  bulb  of  Lily. 
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Aloe  perfoliata  (Ghrito  kumari)  is  common  in  dry  situ- 
ations. A.  soccotrina  and  A.  vulgaris  are  used  medici- 
nally. Yucca  gloriosa  has  strap-shaped,  sharp-pointed 
leaves  and  greenish  white  flowers. 

Allium  sativa  (Rashun)  is  cultivated  in  gardens  ; the  flow- 
ers are  small  white.  A.  cepa  (Peyaj)  (see  Fig.  194)  is 
largely  cultivated  everywhere  ; the  flowers  are  small,  white, 
and  appear  in  the  cold  season.  Asparagus  officinalis 
(Hillua)  (see  Fig.  195)  is  cultivated  in  gardens  ; the  flowers 
are  ot’  a yellowish  green  colour,  and  appear  in  March  and 
April. 

Fig.  195. 


Portion  of  a branch  of  Asparagus, 

A.  racemosus  (Sat-muli)  is  a scandent,  slender,  shrubby 
plant,  a native  of  various  parts  of  India.  Flowering  time 
the  cold  season ; the  flowers  are  pure  white,  and  delight- 
fully fragrant. 
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Urginea  maritima  is  the  medicinal  squill,  valuable  as 
an  expectorant  and  diuretic.  U.  indica  inhabits  the  sandy 
shores  of  the  peninsula  of  India.  The  bulb  is  used  for 
the  same  purpose  as  that  of  U.  maritima. 

The  bulbs  of  Ledebouria  hyacinthoides  grow  in  sandy 
plains,  in  many  parts  of  India,  and  resemble  squills  in 
general  appearance,  but  are  of  a smaller  size.  Peliosanthes 
teta  is  a perennial  plant,  with  plaited  radical  leaves  and 
small  qreen  flowers. 

Other  genera  are:  Draccena,  Cltolchicum,  Iiyacinthus,  &c. 

Smilaccce 

Are  herbs  or  climbing  shrubs,  with  net-veined  leaves  and 
regular  hermaphrodite  or  dioecious  flowers ; perianth  from 
6 — 10  parted;  ovary  superior,  from  3 — 5-celled;  ovules  ortlio- 
tropous ; seeds  with  hard,  fleshy  endosperm. 

These  plants  differ  from  those  of  Liliacese,  in  having 
net-veined  leaves,  climbing  stems,  mostly  small  dioecious 
flowers,  and  orthotropous  ovules.  In  foliage  and  habit 
they  closely  resemble  the  Dioscorese,  from  which  they 
ai-e  easily  distinguished  by  their  superior  ovary,  and  as 
far  as  the  Indian  genera  are  concerned,  by  their  baccate 
fruit.  Smilax  ovalifolia  (Kumarika)  is  common  in  hedges 
and  wild  places.  The  stems  are  round,  the  leaves  oval, 
smooth,  from  5 — 7-nerved;  the  flowers  are  small,  and  of  a 
greenish  colour ; they  appear  during  the  hot  season. 
Sarsaparilla,  used  in  medicine,  is  the  dried  root  of  Smilax 
officinalis.  The  roots  of  S.  lanceoafolia  and  S.  glabra 
are  used  in  this  country  medicinally  in  cases  of  rheuma- 
tism, &c. 


Pontederiacece 

Are  aquatic  herbs,  with  perfect  more  or  less  irregular 
flowers,  sometimes  subtended  by  a spathe ; the  perianth  is 
persistent,  petaloid,  6-merous,  rolling  inwards  after  flower- 
ing ; stamens  3 — 6,  mostly  unsymmetrical ; ovary  superior, 
3-celled ; seeds  with  mealy  endosperm. 

This  order  is  separated  from  Liliaceae  chiefly  by  its  irre- 
gular flowers,  by  the  persistent  perianth  rolling  inwards 
after  flowering,  and  by  the  mealy  endosperm  of  its  seeds. 
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Pontccleria  vaginalis  (Nauka)  is  a native  of  the  borders 
of  tanks  and  marshy  places;  it  flowers  during  the  rains; 
leaves  radicle,  narrow,  cordate,  entire,  smooth  ; flowers  blue. 
The  order  is  a very  small  one.  The  plants  are  chiefly  con- 
fined to  the  stagnant  waters  of  hot  countries. 

Commelinacece 

Are  herbs,  wth  jointed,  often  branching,  leafy  stems,  per- 
fect flowers,  clustered  within  one  or  two  large  concave  bracts ; 
outer  leaves  of  perianth  sepaloid,  inner  petaloid,  each  of 
three  parts;  stamens  G,  all  fertile  or  some  abortive,  often 
peculiar  in  form;  ovary  superior,  from  2 — 3-cclled;  seeds 
with  fleshy  endosperm. 

The  jointed  stem  and  the  outer  sepaloid  perianth-seg- 
ments serve  to  distinguish  these  plants  from  their  nearest 
allies.  Commelina  communis  (Jatd  kanchara)  is  common 
over  the  low  moist  parts  of  India;  flowering  during  the 
rainy  season.  The  leaves  are  ovate,  lanceolate,  acute 
with  waved  margins,  and  involucres  many  flowered. 

C.  bengalensis  (Kanchara)  is  smaller  and  not  so  com- 
mon as  the  last  mentioned  species  ; the  leaves  are  alternate, 
cordate,  hairy ; the  involucres  are  3-flowered  ; the 
flowers  are  small  and  bright  blue.  Tradescantia  discolor  is 
a common  garden  plant,  about  2 feet  in  height,  with  sharp 
pointed  leaves,  of  a green  colour,  bordered  with  reddish 
purple;  flowers  small,  white.  The  protoplasm,  nucleus, 
rotation  of  the  cell-sap,  etc.,  are  well  seen  in  the  monili- 
form  hairs  of  the  stamens  of  this  plant.  Cyanotis  axillaris 
(Baghanula)  is  an  annual  creeping  plant  with  axillary 
flowei’s,  a native  of  moist  pasture  ground,  borders  of  rice- 
fields,  &c. ; appearing  and  flowering  during  the  wet  and 
cold  season. 


Juncacece 

Are  herbs  of  a sedgy  or  grass-like  appearance,  with  hollow 
or  transversely  divided,  rarely  flat,  leaves,  and  often 
capitate  inflorescence ; perianth  regular,  persistent,  of  six 
dry  or  scarious  segments  ; stamens  G ; ovary  superior,  from 
1 — 3-celled ; seeds  with  fleshy,  horny  endosperm. 
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Fig.  196. 


The  sedge-like  habit  of  these  plants  and  the  scarious 

nature  of  the  segments  of  the 
perianth  distinguish  them  from 
Liiiacese.  Flagellaria  indica 
(Ban-chandar)  is  a long  straggling 
prennial  plant,  flowering  during 
the  early  part  of  the  rains ; 
flowers  are  small,  white.  J un- 
cus bufonius  is  a small  tufted 
annual  plant  with  inconspicuous 
flowers,  scattered  along  the 
stems.  The  Juncacese  is  a large 
order ; the  species  are  chiefly 
natives  of  cold  and  temperate 
regions.  The  tissue  of  the  leaves 
has  a beautiful  microscopic  structure,  being  formed  of 
stelliform  cells  (see  Fig.  196). 

Palmece 

Are  woody,  arborescent  trailing  or  climbing  plants,  usually 
with  a simple  unbranched  stem,  bearing  scattered  or  large 


Stellate  cells  from  a leaf  of 
Juncus  (magnified). 


Fig.  197. 


Fig.  19«. 


Compound  spadix 
and  spathe  of  a 
Palm. 


Section  of  a Cocoanut. 
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terminal  clusters  of  mostly  deeply,  palmately  or  p innately 
divided,  rarely  compound,  petiolate  leaves  ; flowers  usually 
diclinous  and  often  dioecious,  sometimes  hermaphrodite  on  a 
simple  or  branched  spadix  (see  Fig.  197),  enclosed  in 
a one  or  many  valved  spatlie ; perianth  6-leaved  in  two 
circles ; stamens  usually  6 ; ovary  from  1 — 3-celled  with 
fleshy  or  hard,  often  ruminated,  endosperm  in  which  the 

minute  embryo  is  superficially  em- 
bedded (see  Fig.  198). 

The  fruit  in  Cocos  and  Areca  is 
1 -cel led  from  the  suppression  of  two 
of  thecarpels;  it  is  3-celled  inBora- 
sus,  Caryota,  Calamus,  Arenga,  etc. 

The  structure  of  the  pericarp 
is  particularly  variable  : in  Cocos 
the  epicarp  is  fibrous,  affording 
the  coir  of  commerce;  the  endocarp 
is  a hard  shell  and  is  used  for 
various  purposes  (see  Fig.  199). 
In  Phoenix  the  endocarp  is  fleshy 
and  sweet. 

This  order  is  a very  large  one,  and  constitutes  one  of  the 
most  striking  features  in  the  vegetation  of  most  tropical  re- 
gions. It  consists  of  upwards  of  i.00  genera,  embracing  about 
one  thousand  species,  only  about  half-a-dozen  of  which  occui 
in  temperate  regions  ; many  of  them  yield  useful  pioducts, 
and  some  of  them  supply  nearly  all  the  wants  of  the 
inhabitants  of  certain  countries. 

These  plants  form  a very  natural  group,  separated  by 
distinct  characters  from  the  rest  of  the  monocotyledons. 
There  is  a connection  with  some  of  the  Aroidese  and  Lilia- 
cege,  but  the  habit  and  position  of  the  embryo  at  once 
distinguishes  them.  Areca  catechu  (Guya,  supari)  is  one  of 
the  handsomest  palms  in  India  ; it  flowers  during  the  hot 
season;  the  flowers  are  monoecious.  The  endosperm  is 
ruminated  (Betel  nut). 

Borassus  flahelliformis  (Tal).— This  palm  is  common  all 
over  India;  it  flowers  during  the  hot  season ; the  flowers 
are  dioecious  ; the  leaves  are  employed  for  making  punkahs  ; 


Fig.  199. 


Cell  from  the  shell  of  a cocoa- 
nut  showing  the  excessive 
thickening  of  the  cell-wall 


DETAILS  OF  MONOCOTYLEDONOUS  ORDERS. 


207 


and  the  wood  is  used  for  various  purposes.  The  fruit  is 
drupacious,  Phoenix  sylvestris  (Khajur)  is  common  all 
over  India : the  juice  (Tari)  of  the  tree  is  usually  boiled 
down  into  sugar ; the  flowers  are  dioecious.  P.  dactylifera 
is  the  date  tree. 

Cocos  nucifeva  (Narikel) : flowers  during  the  hot  season  ; 
it  is  largely  cultivated  for  its  fruit. 

Calamus  rotang  (Bet)  is  a dioecious  plant ; the  fruit  is 
covered  with  numerous  hard  imbricated  scales  ; the  flexible 
stems  of  this  and  other  species  are  largely  exported  from 
the  Malayan  peninsula  for  canework. 

Caryota  urens  is  common  on  the  westerm  coast  of  the 
Madras  peninsula;  it  has  compoumlly  segmented  leaves, 
and  an  inferior  sort  of  sago  is  prepared  from  the  pith. 

Other  genera  are : Oveodoxa,  Arenga,  Zalacea,  Sagus, 
Covypha,  Chamcerops,  &c. 

Pandanacece 

Are  trees  or  shrubs,  often  branching ; leaves  imbricated  in 
three  spiral  rows,  mostly  linear  lanceolate;  flowers  unisexual 
or  polygamous,  arranged  on  a very  dense,  simple  or  brauclied, 
spadix,  furnished  with  numerous  spathe-like  bracts  ; male 
inflorescence  usually  branched,  female  inflorescence  simple  ; 
perianth  none,  or  consisting  of  a few  scales;  stamens  numer- 
ous ; ovary  1-celled ; seeds  with  the  minute  embryo  embedded 
near  the  base  of  the  fleshy  endosperm. 

The  branching  stem  and  large  aerial  roots  distinguish 
Pandanacece  from  Palms.  The  narrow  undivided  leaves  are 
spirally  developed  on  the  stem;  hence  the  name  Screwpines, 
by  which  they  are  commonly  known.  Pandanus  odora- 
tissimus  (Keya)  attains  to  the  height  of  about  15 
feet,  the  stem  at  half  that  height  branching  into  several 
sub-erect  arms  terminated  by  thick  foliage;  it  flowers 
chiefly  during  the  rainy  season.  The  flowers  are  dioecious, 
small,  and  delightfully  fragrant.  Pandanus  foetidus  (Keya- 
kanta)  is  sometimes  used  for  making  hedges;  it  tiowersduring 
the  cold  season.  Nipa  fruticans  grows  abundantly  in  the 
Sunderbunds : it  is  regarded  by  some  botanists  as  the 
type  of  a distinct  order,  having  the  pinnate  leaves  of  a 
Palm  and  the  inflorescence  of  a Pandanus. 
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Aroideai 

Are  plants,  with  usually  net-veined,  often  divided  leaves  ; 
flowers  monoecious,  more  rarely  dioecious,  or  sometimes 
bisexual,  usually  sessile  on  a spadix,  enclosed  in,  or  sub- 
tended by,  a spathe  ; perianth  wanting  or  of  4 — 6 scales  ; 
seeds  usually  with  the  embryo  embedded  in  the  axis  of 
mealy  or  fleshy  endosperm. 

The  peculiar  thickened  fleshy  flowering  spadix  densely 
covered  with  flowers,  together  with  the  spathe,  gives  this 
group  a character  of  habit  which  is  generally  very  dis- 
tinct. The  Pistiacese  are  closely  related  to  these  plants, 

and  are  regarded  as  the  simplest  form 
of  Aroids.  Typhonium  orixense  (Ghet- 
kachu)  is  very  common  everywhere 
in  Bengal ; the  leaves  are  radicle, 
deeply  3-lobed ; the  flowers  appear 
at  the  beginning  of  the  rains;  the 
spathe  is  shorter  than  the  petioles, 
striated  and  erect,  the  inside  red,  the 
outside  green.  Amovphophallus  cam- 
panulalus  ( 01)  is  a plant  with  large 
segmented  leaves  ; the  flowers  appear 
in  June ; the  conns,  which  are  dug- 
up  after  the  leaves  have  withered, 
are  largely  used  as  an  article  of  food. 
Colocasia  antiquorum  (Kaclni)  is  an 
extensively  cultivated  perennial  herb, 
with  large  radicle  peltate-sagittate 
leaves ; the  flowers  are  monoecious, 
enclosed  in  a yellow  spathe.  The 
lower  portion  of  the  spadix  is  covered 
with  female  flowei’s  ; above  the  female 
flowers  are  some  abortive  pistils,  then 
a number  of  closely  packed  male 
flowers,  each  reduced  to  a single  2- 
celled  anther  opening  by  minute  pores 
at  the  apex.  The  spadix  is  pro- 
longed above  the  staminate  flowers 
into  a sterile  mass  of  tissue.  There 
are  several  varieties  of  this  species. 


Fig.  200. 


Inflorescence  of  an  Aroid 
surrounded  by  a spullie. 
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C.  indica  (Man-kachu)  is  much  cultivated  in  Bengal  for 
its  esculent  stems  and  conns  ; it  dowers  at  the  close  ol  the 
rains  and  beginning  of  the  cold  season. 


Fig.  201. 


Potlios  scandens,  an  epiphyte,  is  a native  of  Chitta- 
gong ; the  leaves  are  alternate,  petioled,  lanceolate,  entire, 
smooth ; the  dowers  are  hermaphrodite. 

Acorus  calamus,  a plant  common  in  moist  sites  through- 
out Asia,  Europe,  and  North  America.  The  rhizome  has 
long  been  held  in  esteem  as  a tonic,  & c.  Richardia  orthio- 
pica  (Lily  of  the  Nile)  is  cultivated  in  Himalayan  stations. 
The  plants  of  this  order  are  most  abundant  in  the  tropics; 
the  juices  are  generally  acrid  and  dangerous,  but  heat 
dissipates  the  noxious  principles. 

Other  genera  are  : Cryptocoryne,  Alocasia,  Caladium, 
Aylaonama,  Scindapsus,  Arum,  &c. 

Typhacece 

Are  marsh  herbs,  with  linear  leaves  and  monoecious 
dowers,  arranged  in  spikes  or  heads ; perianth  none,  or 
reduced  to  scales  or  bristles;  ovary  solitary,  1-celled  ; seeds 
with  the  embryo  embedded  in  the  axis  of  the  mealy  endos- 
perm. The  habit  and  general  appearance  of  these  plants 
resemble  those  of  Cyperacese. 

Typha  elepkantina  (Hogla)  is  a perennial  herb,  grow- 
ing on  the  borders  of  tanks  and  marshy  places,  which  do 
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not  dry  up  during  the  hot  season ; the  culms  are  from 
0 to  12  feet  high  ; the  leaves  are  long,  ensiform,  and  smooth  ; 
and  are  sometimes  used  for  making  mats.  The  abundant 
pollen  is  nutritious,  and  is  made  into  a kind  of  bread  in 
Western  India,  New  Zealand,  and  elsewhere. 

T.  angustifolia  (Earn  hogla)  is  smaller  than  the  last 
mentioned  species,  but  is  found  in  similar  places. 

Pistiacece 

Are  plants  floating  free  on  water  with  monoecious  flowers, 
surrounded  by  a spathe ; each  spathe  containing  one 
female  flower  and  two  or  more  male  flowers;  stamens 
definite,  sometimes  monadelphous  ; ovary  1 -celled;  embryo 
straight,  in  the  axis  of  fleshy  endosperm. 

These  plants  are  sometimes  regarded  as  the  simplest 
forms  of  the  Aroids.  Pistia  slratiotes  (Takapana)  (see 
Fig.  203)  is  found  floating  on  pools  of  stagnant  water 
in  most  parts  of  India;  flowering  time  the  hot  season. 
The  flowers  are  monoecious,  and  are  very  beautiful  when 
examined  with  an  one-inch  object  glass. 

Fig.  202. 


Plants  of  Pistia;  the  smaller  one  to  the  right  is  of  later  growth,  and  is  connected 
with  the  parent  plant  by  a runner. 

In  Levina  orbiculata  (see  Fig.  204)  the  leaves  are 
minute,  subsessile,  orbicular,  flat  on  both  sides,  from  2 to  o 
together.  Wolffia  Delilii  is  very  minute  and  rootless;  the 
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leave  s are  globose,  one  or  two  together ; and  occurs  with 
L.  orbiculata  in  every  tank  and  pool  of  stagnant  water 
in  Bengal,  forming  a green  scum  over  the  surface. 


Fig.  203.  FiS-  204- 


lioles  (magnified). 


L.  crudata  is  generally  found  under  the  surface  of  the 
water  in  tanks  ; the  leaves  are  petioled,  lanceolate.  Pistia 
is  very  widely  dispersed  in  warm  countries,  whereas  Leni- 
na is  equally  common  in  hot  and  cold  countries.  These 
plants  are  useful  in  tending  to  purify  the  stagnant  pools 
and  ditches  in  which  they  abound.  The  genus  Lemna  is 
one  of  the  simplest  representatives  of  the  Phanerogarnia. 

Naiadacecv 

Are  floating  or  submerged  branching  plants  growing  in 
fresh  or  salt  water  ; flowers  inconspicuous,  hermaphrodite, 
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monoecious,  or  dioecious;  perianth  of  1 — 4 scaly  pieces 
or  none ; stamens  definite ; pistil  free,  of  one  or  more 
carpels ; ovary  1-celled  ; ovule  solitary ; seeds  without 
endosperm. 

This  order  agrees  with  Hydrochavidaceee  and  Alismacete 
in  the  structure  of  the  seeds,  but  differs  in  wanting 
a conspicuous  perianth,  and  in  the  form  of  the  inflores- 
cence ; the  structure  of  these  plants  is  generally  very 
simple.  Potamogeton  indicum  is  an  aquatic  herb,  with 
floating,  oblong  or  elliptical  glabrous,  many  nerved  leaves  ; 
a native  of  the  borders  of  fresh  water  lakes  and  ditches ; 
flowering  time  February  and  March.  The  flowers  are 
small,  numerous,  of  a green  colour,  and  are  borne  in  dense- 
spikes.  Spathium  chinense  (Ghechii)  is  a native  of  shallow 
standing  water,  and  appears  and  flowers  during  the  rains. 
The  flowers  are  small,  purplish  white,  with  blue  anthers. 
The  structure  of  these  plants  is  generally  very  simple, 
consisting  chiefly  of  tissue  of  very  delicate  organization. 
The  genus  Zostera  is  met  with  in  the  sea  in  all  parts  of 
the  world. 

205.  Alismacece 

Are  aquatic  plants,  mostly 
with  broad,  petiolate  leaves  and 
scapose  inflorescence;  flowers 
in  racemes,  umbels  or  pani- 
cles, perfect  or  monoecious ; 
perianth  of  six  pieces — outer 
three  herbaceous,  inner  three 
petaloid  ; ovaries  several,  more 
or  less  distinct ; seeds  without 
endosperm. 

Some  of  these  plants  bear 
considerable  resemblance  to 
the  dicotyledonous  order  Ra- 
nunculacese.  They  can  be  dis- 
tinguished fi’om  the  Commeli- 
nacese,  to  which  they  have 
some  similarity,  by  their  tufter 
radical  leaves,  scapose  inflores- 
cence, apocarpous  fruit,  &c. 


Sagittate  leaf  of  SagiHaria 
sagiltif olia. 


details  of  monocotyledonous  orders. 
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Sagittaria  sagittifolia  (Chota-kat)  is  a polygamous  plant 
growing  in  marshy  places,  where  it  flowers  in  February, 
March,  and  April.  The  leaves  are  sagittate  (see  Fig.  205), 
the  scape  simple,  and  the  flowers  pure  white,  with  a pur- 
plish base.  S.  obtusifolia  (Bara-kat)  is  a common  annual 
growing  in  swampy  places,  with  radicle,  erect,  sagittate 
obtuse  "leaves ; it  flowers  during  the  cold  season.  The 
scapes  are  from  2 to  4 feet  high  ; flowers  numerous,  small, 
white  ; the  lower  flowers  of  the  inflorescence  are  usually 
female. 

Other  genera  are  : Alisma,  Bidomus,  and  Limnocharis. 

Cyperacece 

Are  grass-like  herbs,  with  fibrous  roots  apd  solid,  fre- 
quently angular  stems;  leaf- 
sheaths,  closed  without  a ligule  at 
the  apex  ; flowers  perfect  or  uni- 
sexual, each  with  a solitary  bract 
or  glume  ; perianth  none  or  exist- 
ing in  the  female  flowers,  in  the 
form  of  a membranous  covering, 
called  perigynium  (see  Fig.  206); 
stamens  mostly  3 ; ovary  superior, 
1-cellecl;  seed  with  a lenticular 
embryo  enclosed  in  the  base  of  the 
endosperm.  The  solid,  usually 
angular,  stems,  the  closed  leaf- 
sheaths,  and  the  reduction  of  the 
floral  envelopes  to  a single  bract 

Female  flower  of  a sedge.  or  glume,  distinguishes  these 
plants  from  the  Gramme®,  which  they  resemble  in  many 
respects. 

Cyperus  rotundus  (Mulha)  is  by  far  the  most  common 
species  in  India;  it  grows  abundantly  everywhere ; culms 
erect,  from  1 — 2 feet  high,  three  sided,  smooth  ; umbels 
terminal,  surrounded  by  a 3-leavcd  involucre. 

Cyperus  inundatus  (Pati)  is  found  in  great  abundance 
on  the  low  banks  of  rivers  ; it  thrives  most  luxuriantly 
where  the  tide  rises  over  it. 

Papyrus  pangorei  fMadiir  katl)  is  common  in  ditches 
and  on  the  borders  of  marshy  places  during  the  rains : 
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what  is  known  as  “ Calcutta  matting  ” is  made  from  the 
culms  of  this  plant. 

Papyrus  antiquorum  is  a tall  sedge,  celebrated  as  having 
furnished  the  ancients  with  a kind  of  paper  made  from 
the  pith. 

Other  genera  are:  Carex,  Selena , Scirpus,  Mariscus : 
Kyllinga,  Gourtoisia,  Fimbristylis , Isolepis , Fiurena, 
Rhynchospora. 


Graminece 

Are  mostly  herbaceous  plants,  rarely  arborescent,  usually 
with  hollow  jointed  stems,  narrow  alternate  leaves,  with 
sheaths  split  down  at  the  side,  opposite  to  the  blade,  often 
with  a ligule  at  its  summit;  flowers  usually  hermaphrodite, 
sometimes  monoecious  or  polygamous,  either  solitary  or 
arranged  in  spikelets ; spikelets  one  to  many  flowered, 
consisting  of  a number  of  bracts  and  the  essential  organs 
of  reproduction  without  any  perianth,  or  the  latter  repre- 
sented by  one  or  more,  usually  very  minute,  organs  called 
lodicules.  Each  spikelet  commonly  has  two  or  more  outer 
or  empty  bracts  (glumes),  one  (flowering  glume)  below 
each  flower,  and  a pale  enclosing  each  flower.  The  pale 
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differs  from  glumes  in  having  no  central  nerve ; and  it 
usually  has  two  lateral  ones.  Stamens  usually  8 (in  Rice 
and  Bamboo  there  are  6);  ovary  superior,  1-celled  ; embryo 
lying  at  one  side  at  the  base  of  the  faranaceous  endosperm. 


Fig.  208. 

o 


Diagram  of  the  flower  of  a grass. 

The  flowers  of  most  grasses  may  be  deduced  as  is  shown  in  Fig.  20S  on 
the  theory  of  the  abortion  of  certain  parts  from  the  typical  Monocotyle- 
donous  flower  represented  in  Fig.  171,  which  is  itself  the  typical  diagram 
of  LiliacecB.  The  posterior  leaf  of  the  inner  perianth  whorl,  the  outer 
perianth  whorl,  the  whole  of  the  inner  whorl  of  stamens,  and  the  ante- 
rior carpel  are  wanting. 

The  hollotv  jointed  stems,  the  leaf-sheaths  split  down 
at  the  side  opposite  to  the  blade,  and  the  ligule  at  the  base 
of  the  blade,  &c.,  distinguish  this  order  from  the  C37peracere. 
Sugar  canes  (Uk),  however,  have  solid  stems,  and  the  rhi- 
zomes of  ordinary  grasses  are  also  commonly  solid.  The 
remarkable  awn  which  is  produced  in  the  flowering  glumes 
of  many  grasses  is  usually  regarded  as  a barren  development 
of  the  axis  of  the  spikelet,  which  would  make  the  inner 
palea  the  subtending  bract  of  the  flower;  the  ligule  is 
generally  regarded  as  an  exci'escence  from  the  upper  parts 
of  the  sheathing  petiole.  The  main  value  of  this  order 
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Fig.  209. 


Fruit  of  Rice,  showing  the  glumes  some  with  and  some  without  awns. 

is  in  the  seeds  or  more  properly  the  fruits,  especially  of 
what  are  called  the  cereal  grains,  such  as  Rice,  Maize, 
Wheat,  Rye,  Barley,  and  Oats. 

Mr.  Bentham  has  lately  proposed  a new  or  modified 
classification  of  grasses,  of  which  the  following  is  an  out- 
line : — 

Series  A. — Panicacece. 

Spikelet  jointed  to  the  pedicel  below  the  outer  glumes, 
with  one  fertile  flower,  with  or  without  a male  or  barren 
flower  below  it. 
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Tribe  1,  Panicece. — Spikelets  hermaphrodite,  rarely 
unisexual  by  abortion,  spicate  or  paniculate;  rachis  of  the 
inflorescence  not  jointed ; flowering  glume  not  awned, 
hardened  in  fruit  or  at  least  stiffer  than  the  outer  ones. 

One  of  the  largest  tribes,  particularly  numerous  in  tro- 
pical countries.  Example:  Paspalum,  Panicum,  Pannise- 
tum,  Oplismenus,  Setaria,  etc. 

Panicum  commutation  (Makar-jali)  is  a common  grass 
of  which  cattle  are  very  fond. 

Tribe  2,  Maydece. — Spikelets  unisexual ; the  male  ter- 
minal, spicate  or  paniculate,  the  females  spicate  at  the  base 
of  the  males  or  in  a separate  inflorescence,  disjoining  from 
the  rachis,  except  in  Zea. 

A very  small  tribe,  including  the  genera  Coix  and  Zea. 

Zea  mays  (Bhuta),  the  largest  cereal ; it  is  cultivated  in 
various  parts  of  India  ; the  flowers  are  monoecious — a rare 
occurrence  among  the  Gramineee. 

Tribe  3,  Oryzece . — Spikelets  hermaphrodite  or  rarely 
unisexual,  paniculate  or  spicate ; rachis  of  the  inflorescence 
not  jointed ; scale  or  glume  next  the  flower  1-nerved  or 
keeled,  not  2-nerved  as  in  most  grasses. 

Also  a small  tribe,  yet  it  includes  the  important  genus 
Oryza. 

Oriza  sativa  (Dhan);  the  flowers  of  this  well-known 
useful  cereal  have  6 stamens. 

Tribe  4,  Tristegineai. — Spikelets  hermaphrodite,  solitary 
geminate  or  fasciculate  along  the  branchlets  of  the  inflo- 
rescence; empty  glumes  awned  or  awnless;  flowering 
glume  transparent  or  membranous,  awnless  or  terminating 
in  an  awn. 

An  unimportant  tribe,  scarcely  represented  in  India 
except  by  the  monotypic  Thysanolmna. 

Tribe  5,  Zoysiece.  — Spikelets  hermaphrodite  or  some 
of  them  imperfect,  not  jointed  to  the  rachis,  solitary  or 
clustered ; flowering  glume  membranous,  often  smaller 
than  the  empty  ones  and  transparent. 

Zoysia  procumbens  and  Lappago  procumbens  are  com- 
mon representatives  of  this  small  tribe. 

Tnbe  6,  Andropogonece. — Spikelets  in  pairs  at  each 
node  of  the  jointed  rachis  of  the  spike  or  of  the  branches 
of  the  panicle,  or  in  triplets  at  the  end  of  each  branch ; the 
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spikelets  of  each  pair  or  triplet  homogamous  or  hetero- 
gamous  ; flowering  glume  smaller  than  the  empty  ones  by 
a line,  and  often  awnecl. 

A large  tribe,  chiefly  tropical  and  subtropical.  Among 
other  genera  it  includes  Saccharum,  Erianthus,  Hemar- 
thira,  Ischsemum,  Sorghum,  Chrysopogon. 

S.  cylindricum  (Ulu)  is  a native  of  moist  stiff’  pasture 
ground,  particularly  common  over  Bengal,  where  the  fields 
are  white  with  it  when  in  flower  after  the  first  rains  in 
April  and  May  ; it  is  generally  used  for  thatching. 

The  fragrant  roots  of  Andropugon  muricatus  (Khas- 
lchas)  are  well  known  all  over  India;  they  are  used  for 
making  tatties,  covers  for  palkis,  &c.  It  usually  grows 
in  low,  moist,  rich  soil,  on  the  banks  of  rivers. 

Saccharum  ojjicinarum  (Uk) 
has  solid  culms  from  6 — 12  feet 
high;  extensively  cultivated  for 
its  sugar-producing  qualities;  it 
flowers  during  the  rains.  S.  spon- 
tuneum  (Kasli,  kese)  has  culms 
from  5 — 15  feet  high;  it  grows 
on  the  banks  of  rivers,  railways, 
and  other  uncultivated  land;  it 
is  used  for  making  mats  and  for 
thatching  houses. 

o 

Series  B. — Poacecc. 

Pedicel  continuous  below  the 
outer  glumes;  racliis  often  joint- 
ed above  the  persistent  outer 
glumes,  produced  above  the  fer- 
tile flower,  stalk-like  or  bearing 
empty  glumes  or  imperfect 
flowers,  or  sometimes  with  one 
terminal  flower  as  in  the  Pani- 
cacese,  but  then  falling  away  with 
its  glume  from  the  persistent 
empty  glumes. 

Tribe  7,  Phalaridecc. — Herma- 
phrodite flower  1 ; terminal  glumes 

Cutting  of  a Sugar-cnne  show-  (j  (or  5 and  a pale),  1 -nerved  or 
ing  secondary  roots  developed  Peeled 
from  the  nodes.  b 


Fig.  210. 
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A very  small  tribe,  represented  in  the  hills  of  Northern 
India  by  three  or  four  species  of  Hierochloe  andPhalaris. 

Tribe  8,  Agrostece.  — Spikelets  1 -flowered;  rachis 
produced  or  not  beyond  the  flower  in  the  form  of  a bristle. 

This  tribe  is  a rather  large  one,  and  is  again  divided  into 
four  subtribes.  The  species  are  mostly  temperate  and 
subtropical.  Sporobolus  is  an  Indian  genus. 

Tribe  9,  Iscichnece.  — Spikelets  equally  2-flowered ; 
glumes  usually  awnless ; rachis  not  produced  beyond 
the  flowers.  Example:  Isachne. 

Tribe  10,  Avenece. — Spikelets  two  or  more  flowered,  often 
panicled ; floweriug  glumes  almost  always  furnished 
with  a dorsal,  rarely  terminal  awn ; rachis  usually  pro- 
duced beyond  the  flowers. 

Mostly  grasses  of  temperate  climates.  Species  of  the 
typical  genus,  Avena,  yield  the  valuable  northern  cereal 
oats. 

Tribe  11,  Chloridece. — Spikelets  one  or  more  flowered  ; 
sessile  in  two  rows  alona  the  rachis  of  the  unilateral 
spikes.  Elensine  and  Chloris  are  representative  genera. 

Tribe  12,  Festucece. — Spikelets  two  or  more  flowered, 
variously  paniculate  or  rarely  racemose ; flowering  glumes 
awned  or  awnless. 

This  tribe  is  numerous  in  genera  and  species  ; but  they 
are  chiefly  inhabitants  of  temperate  regions.  Exagrostis 
is  a large  genus  represented  in  tropical  India. 

Tribe  13,  Iiordeoe. — Spikelets  one  or  more  flowered; 
sessile  in  notches  of  the  rachis  of  the  simple  spikes. 

This  tribe  is  neither  numerous  in  genera  nor  species, 
yet  it  is  one  of  the  most  important,  as  it  embraces  several 
of  the  most  widely  cultivated  cereals,  as  Wheat  (Triticum), 
Barley  (Hordeuin),  and  Rye  (Secale). 

Tribe  14,  Bambitsece. — Tall  grasses,  often  woody,  at  least 
at  the  base;  leaves  flat;  limb  very  often  jointed  to  the 
sheath  ; spikelets  one  or  more  flowered  ; stamens  3 — 4 or 
more. 

Ihe  bamboos  are  one  of  the  most  useful  and  important 
tribe  of  tropical  and  subtropical  grasses. 

Ihe  Gramine<e  constitutes  one  of  the  largest  natural 
orders,  and  includes  probably  from  3,000  to  4,000  species. 
They  are  universally  distributed  and  have  been  cult!* 
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Fig-  211.  Fig.  212. 


Imbricated  aestivation 
of  a grass  (see 
page  17). 

vated  from  the  remotest  antiquity.  Rice  furnishes  a larger 
proportion  of  food  than  any  other  single  species. 

Rye,  barley,  and  oats  are  the  hardier  “ cereal  grains ; ” 
wheat  is  the  chief  grain  of  temperate  and  warm  temperate 
climates.  Rice  and  maize  form  the  chief  grains  of  the 
tropics:  maize  or  Indian-corn,  the  largest  cereal,  is  a plant 
of  American  origin. 


G YMNOSPERMI  A. 


The  second  group  of  flowering  plants  (the  gymnospermia) 
produce  ovules  on  open  carpellary  leaves ; the  endosperm 
arises  before  fertilization,  and  the  contents  of  the  pollen- 
grains  are  divided  before  the  formation  of  the  pollen  tube. 
In  the  peculiarities  of  their  tissues  and  especially  of  their 
sexual  reproduction,  these  plants  occupy  an  intermediate 
position  between  Angiosperms  and  vascular  Cryptogams. 
In  the  anatomical  structure  of  the  wood,  Gymnosperms 
resemble  Dicotyledons.  They  differ,  however,  in  the  layers 
of  wood  which  are  formed  after  the  first  year,  being  desti- 
tute of  vessels  and  ducts  and  in  the  usual  presence  of 
bordered  pits  in  the  wood-tissue. 

The  Gymnosperms  are  divided  into  three  orders,  embrac- 
ing plants  of  strikingly  different  habit,  but  closely  allied 
in  their  morphological  structure  : — 

Order  I. — Gnetacece 

Are  shrubs  or  rarely  small  trees,  usually  with  jointed 
stems,  aud  destitute  of  the  resin  so  characteristic  of  conifers. 
There  are  only  three  genera  belonging  to  this  order. 
Ephedra,  which  approach  the  Casuarina  in  habit,  are 
confined  to  the  Himalayas  and  other  temperate  regions. 
The  species  of  Gnetum  are  climbling  shrubs,  with  opposite 
glabrous  leaves  and  monoecious  flowers ; the  male  flowers 
each  consist  of  a single  stamen,  with  a 2-celled  anther  or 
of  2 stamens  having  1-celled  anthers,  the  female  of  a 
naked  ovule  enclosed  in  an  undivided  perianth. 

Welivitschia  mirabilis,  the  only  representative  of  the  third 
genus,  is  a native  of  the  desert  regions  of  South-Western 
Africa  ; it  is  a most  extraordinary  dwarf-tree,  seldom  rising 
more  than  two  feet  above  the  sand  in  which  it  grows  ; it 
never  has  more  than  two  leaves,  but  these  are  of  immense 
size,  and  were  believed  to  be  the  cotyledons ; but  it  has 
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lately  been  ascertained  that  the  cotyledons  perish  early  and 
are  succeeded  one  pair  of  permanent  leaves  ; the  plant 
attains  an  age  of  at  least  a hundred  years. 

Order  II. — Conifer ce 

Are  trees  or  shrubs,  with  small,  usually  needle-shaped  or 
scale-like  leaves,  rarely  flat,  as  in  Podocarpus.  The  flowers 
are  always  incomplete,  and  either  monoecious  or  dioecious; 
tlie  female  flowers  are  of  various  forms,  and  are  either 
solitary  or  united  into  cone-like  inflorescences.  The  male 
flowers  consist  of  a slender  short  or  elongated  axis  on 
which  the  numerous  staminal  leaves  are  arranged. 

The  affinity  of  the  Conifer®  are  with  Dicotyledons  by 
their  habit  of  growth,  although  there  is  an  essential 
difference  in  the  internal  structure  of  their  organs.  The 
pitted  woody  tissue  with  the  absence  of  vessels  and  ducts 
serves  to  distinguish  the  wood  of  coniferous  stems.  The 
Conifer®  may  be  roughly  divided  into  three  tribes — namely, 
the  Abietinece,  the  Cupressine®,  and  the  Taxine®  : 

Tribe  1.  Abietinece. — Flowers  usually  monoecious  ; cones 
usually  large,  the  scales  becoming  more  or  less  woody  ; 
ovules  two  or  more  at  the  base  of  each  scale,  inverted. 
Trees  with  long  needle-shaped  leaves  in  fascicles  of  two, 
three  or  five  according  to  the  species  (Pious  longifolia), 
or  linear  scattered  leaves  (Cedrus  deodara),  or  small  or 
large  scale-like  leaves  (Araucaria  sequoia). 

Pinus  lonfjifolia  is  common  in  the  Himalayas  at  ele- 
vations of  5,000  to  G,()00  feet.  The  wood  is  light,  and  being 
full  of  resinous  matter  is  frequently  employed  in  the  hills 
for  making  torches. 

P.  deodara  (Debparu)  is  also  a Himalayan  tree;  the 
wood  is  durable  and  is  used  in  the  construction  of  Hima- 
layan houses.  Both  these  trees  yield  a large  quantity  of 
turpentine  and  resin. 

Tribe  2.  Cupressinece. — Female  flowers  in  small  cones  or 
strobiles  consisting  of  a few  scales  and  no  bracts,  usually 
thickening  and  forming  a globular  or  ovoid  fruit ; ovules 
and  seeds  erect,  one  or  more  at  the  base  of  each  scale. 
Trees  or  shrubs  with  small  spreading  awl-shaped,  or  scale- 
like closely  imbricated  leaves.  Examples:  Juniperus  com- 
munis, Thuja  orientalis. 


GYMNOSPERMIA. 


223 


Tribe  3.  Taxinece. — Fertile  flowers,  solitary,  ripening 
into  a fleshy  fruit;  ovule  erect;  leaves  linear,  scattered 
(Taxus);  leaves  flat,  rather  broad  (Podocarpus).  In  this 
genus,  the  last  trace  of  resemblance  in  habit  to  the  flowers 
of  Angiosperms  ceases,  only  a few  ovules  being  produced 
on  a naked  inflorescence;  the  flowering  shoots  are  deve- 
loped from  the  axils  of  foliage  leaves. 

In  Hooker  and  Bentham’s  Genera  Plantarum  the  order 
is  divided  into  six  tribes,  based  upon  modifications  of  the 
inflorescence  and  the  position  of  the  ovules. 

Order  III. — Cycadece 

Are  tropical  or  subtropical  dioecious  trees  or  shrubs, 
with  simple  or  branched  stems,  resembling  palms  and 
tree  ferns  in  their  habit ; the  flowers  are  arranged  in  termi- 
nal cones  at  the  apex  of  the  stem  in  the  centre  of  the  crown 
of  leaves,  or  they  are  lateral. 

In  Cycas  the  female  cone  is  truly  terminal,  consisting  of  a 
rosette  of  scales  orleaves  similar  to  the  ordinary  ones,  though 
smaller  and  ovuliferous  only  in  their  lower  parts,  and  further 
growth  takes  place  through  its  axis.  There  is,  in  fact,  an 
alternation  of  ordinary  leaves  and  ovuliferous  leaves  on 
the  same  axis.  In  all  the  other  genera,  the  cones  are  sub- 
terminal and  deciduous.  The  ovules  are  borne  on  flat  or 
peltate  scales,  either  beneath,  or  at  the  base,  or  on  the 
margins.  The  ovule  contains  several  embryos,  but  only  one 

is  developed  ; the  seeds 
have  a hard  or  succulent 
testa.  The  1-celled  an- 
thers or  polliniferous 
cells  cover  the  under 
surface  of  t he  male  cone- 
scales.  The  distribution 
of  the  reproductive  or- 
gans over  the  leaflike 
carpels  together  with  the 
occasional  circinate  ver- 
nation of  the  leaf-seg- 
rnents  connect  this  order 
with  the  ferns. 

Cycas  revoluta  is  very 
commonin  gardens  about 
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Calcutta.  It  has  somewhat  the  appearance  of  a tree  fern  ; 
it  lives  to  a considerable  age.  G.  circinalis  is  common 
in  gardens  near  the  sea-coast  of  the  southern  provinces 
of  Malabar ; a kind  of  flour  is  prepared  from  the  fruit  after 
it  has  been  dried  some  time.  G.  runvphii  is  a peculiar 
branched  species  ; it  is  occasionally  cultivated  in  gardens. 
There  are  some  fine  specimens  of  this  plant  in  the  Botani- 
cal Gardens,  Shibpur.  The  stem  is  marked  with  scars  of 
two  kinds — those  of  the  true  leaves  and  those  of  the  floral 
leaves. 

Zamia  long) folia  and  Z.  horrida  are  also  sometimes 
cultivated. 


CRYPTOGAM  I A. 


The  second  division  of  the  vegetable  kingdom — Crypto- 
gami  a (see  abstract,  page  80 g) — includes  plants  destitute  of 
tlowers,  containing  anthers  and  ovules.  In  Phanerogams, 
two  sexual  cells,  dissimilar  in  form,  size,  and  other  respects, 
perform  the  process  of  fertilization ; one  of  the  two  sexual 
cells  is  the  male,  sperm,  or  pollen-cell,  the  other  the  female, 
germ-cell,  or  germinal  vesicle.  From  the  connection  of 
these  dissimilar  cells,  a structure  arises  which  can  no 
longer  be  considered  a part  of  the  connected  conform- 
ation of  the  parent  plant.  These  plant  structures  form  a 
generation. 

In  most  Thallophytes,  and  in  all  Muscinese  and  vascular 
Cryptogams,  the  generations  which  proceed  from  one 
another  are  dissimilar,  having  dissimilar  habits  of  life  and 
conformation.  For  example,  a generation  of  the  kind  A 
will  produce  one  of  the  kind  B,  and  this  again  one  of 
the  kind  A.  “ The  whole  process  of  development  which 
passes  through  the  successive  dissimilar  generations,  and 
finally  returns  again  to  the  first  form,  is  called  alternation  of 
generations.”  (A  more  comprehensive  conception  of  the 
alteration  of  generation  makes  it  applicable  to  flowering 
plants ; but  in  these  the  first  generation  does  not  exist  as 
an  independent  growing  plant.  The  endosperm  of  flower- 
ing plants  has  been  regarded  as  analogous  to  the  prothal- 
lium, the  embryo-sac  to  the  macrospore,  and  the  pollen- 
grain  to  the  microspore  of  certain  Cryptogams.  But  the 
endosperm  is  often  wanting,  and  alternation  of  generation 
has  almost  disappeared.) 

“It  is  only  in  some  Algae  and  Fungi  that  all  successive 
generations  are  similar  and  produce  similar  reproductive 
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colls,”  as  in  Nostocacese,  etc.,  where  asexual  generations 
follow  one  another  without  intermission.  In  Spirogyra,  etc., 
an  uninterrupted  series  of  sexual  generations  succeed  one 
another. 

The  usual  case  among  Algae  and  Fungi,  and  the  univer- 
sal one  among  Muscinese  (Mosses  and  Liverworts)  and  vas- 
cular Cryptogams  (Ferns,  Horse-tails,  and  Stag-mosses),  is, 
however,  for  sexual  and  asexual  generations  to  alternate 
regularly.  When  the  reproductive  cells  are  asexual,  that 
is,  developed  independently  of  any  foreign  aid,  the  genera- 
tion from  which  they  are  derived  is  called  an  asexual 
generation.  The  asexual  reproductive  cells  usually  become 
detached  from  the  mother  plant,  and  are  dispersed  (hence 
cm, lied  spores),  in  order  to  produce  the  new  generation  at  a 
distance  from  it.  When  the  reproductive  cells  are  sexually 
developed,  the  generation  to  which  they  owe  their  origin  is 
called  a sexual  generation.  One  of  the  two  sexual  cells, 
the  germ  or  female  cell,  generally  continues  to  lie  in  a 
special  organ  of  the  mother  plant  (the  oogonium,  archego- 
nium),  and  there  waits  fertilization  by  the  other  sexual  or 
male  cell  ( spermatozoid , antherozoid). 

The  classification  of  Cryptogams  proposed  in  the  fourth 
edition  of  Sachs’  Lehrbuch  der  Botanik  is  here  adopted;  it 
rests  on  such  a sound  scientific  foundation  that  it  must 
ultimately  come  into  general  use  in  its  main  features.  The 
whole  range  of  Cryptogams  he  divides  into  three  groups: 
ls£,  Vascular  Cryptogams  ; 2nd,  Muscinese ; and  3rd,  Thal- 
lopliytes. 

GROUP  I.— VASCULAR  CRYPTOGAMS. 

In  vascular  Cryptogams,  the  sexual  generation  which 
proceeds  from  the  spores  is  a small  body  of  the  simplest 
kind,  without  any  considerable  differentiation  of  tissues. 
It  appears  externally  as  a mere  precursor  of  further  de- 
velopment ; hence  the  name  prothallium  (see  Fig.  166) 
has  been  given  to  it.  In  Filicineae  and  Equisetacese,  the 
prothallium  carries  on  an  independent  existence  resembling 
the  thallus  of  the  lower  Hepaticae  (liverworts).  In  the 
Dichotomeae  (Selaginella,  Club-mosses)  it  becomes  simpler, 
and  its  morphological  differentiation  less  pronounced.  In 
Ferns  and  Equisetacese,  the  protlmllia  continue  to  grow 
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for  a considerable  time,  and  contain  a large  amount  of 
chlorophyll  and  form  numerous  root-hairs. 

When  mature,  the  prothallia  produce  the  archegonia  ( a 
special  organ  of  the  mother  plant,  in  which  the  germ-cells 

are  formed ),  and  anthe- 
Fipr.  214.  ridia  (cells,  or  masses 

of  cells,  which  produce 
the  male  reproductive 
bodies),  usually  in  con- 
siderable numbers  ; in 
Equisetacese  these  pro- 
thallia are  usually  dioe- 
cious, the  male  pro- 
thallia being;  smaller 
than  the  female ; in 
ferns,  monoecious,  al- 
though they  both  pro- 
ceed from  similar  spores. 

In  the  division  Rhi- 
zocarpe®  and  Ligulatee, 
there  are  two  kinds  of 
spores — m acros'pores 
(female)  and  micros- 
tores (male).  The  ma- 
crospores develop  a 
female  prothallium, 
which  remains  within 
the  spore,  or  is  only 
partially  protruded,  and 
which  produce  exclu- 
sively archegonia,  or 
sometimes  only  a single 
one.  In  Ligulatse,  the 
prothallium  is  devel- 
oped in  the  spore  itself, 
filling  it  up  with  amass 
of  tissue,  the  archegonia  becoming  exposed  only  by  the 
splitting  of  the  cell-wall  of  the  spore.  This  process  is 
similar  to  what  takes  place  in  the  ovules  of  gymnosperms, 
where,  before  the  pollen-grains  fall  on  the  micropyle,  the 
embryo-sac  becomes  filled  up  by  free  cell  formation  with 


Prothallium  (soxual  generation')  of  a fern. 

a.  The  prothallium,  natural  size,  to  be 

found  on  damp  walls,  etc. 

b.  The  same  prothallium  magnified. 
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delicate  cellular  tissue  (the  endosperm),  in  which  are  formed 
the  corpuscula  or  secondary  embryo-sacs,  and  which  are 
very  much  like  the  archegonia  in  the  internal  prothallium 
structure  of  Selaginella.  The  microspores  produce  a rudi- 
mentary male  prothallium,  which  remains  within  or  attached 
to  the  spore,  analogous  to  what  is  seen  in  the  pollen-grains 
of  Gymnospermia,  which,  in  like  manner,  produce  a rudi- 
mentary prothallus. 

The  archegonia  of  vascular  Cryptogams  are  like  those 
of  the  Muscinese,  consisting  of  a cup-shaped  mass  of  tissue 
enclosing  the  oosphere  (female-cell)  and  of  a restrict- 
ed portion,  the  neck.  The  flask-shaped  archegonia  are 
hollow  receptacles  formed  in  the  thick  part  of  the  pro- 
thallium,  and  have  a narrow  neck-like  passage  through 
which  the  antherozoids  reach  the  oosphere  (female-cell). 
In  vascular  Cryptogams,  however,  the  tissue  of  the  ven- 
tral part  is  formed  from  the  prothallium  itself.  The 
antherozoids  or  spermatozoids,  as  they  are  sometimes  called, 
are  similar  to  those  of  the  Muscinese  spirally  coiled 
threads,  usually  with  a number  of  fine  cilia  on  the 
anterior  coils.  The  asexual  generation  is  that  in  which 
the  plants  are  commonly  seen  and  known,  and  during 
which  they  attain  the  highest  degree  of  development ; 
in  the  vegetative  structure,  they  arise  from  the  oospore 
(fertilized  oosphere)  in  the  archegonium ; they  soon  be- 
come independent  plants,  which  free  themselves  at  a very 
early  period  from  the  prothallium,  and  obtain  their  own 
nourishment.  It  is  this  asexual  generation  which  is 
called  in  ordinary  language  the  Fern,  Equisetum,  etc. 
Roots  are  usually  present  except  in  Salvitiia,  Psilotum, 
and  some  species  of  Hymenophyllum,  and  they  always 
remain  nearly  uniform  in  size.  The  leaves  are  not  so 
varied  in  their  forms  as  in  Phanerogams  ; they  are  either 
simple,  segmented  or  variously  branched.  The  differen- 
tiation of  the  tissues  into  epidermis,  fundamental  tissues, 
and  fibro-vascular  bundles  are  always  clearly  distinguish- 
able. Vascular  Cryptogams  form  a group  connected  with 
one  another  by  very  obvious  bonds  of  relationship, 
but  may  be  divided  into  three  tolerably  well  marked 
classes:  (1)  Filicinece ; (2)  Equisetctcece ; and  (3)  Dicho- 
tomi : 
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Abstract  of  Vascular  Cuyptogamic  Orders. 


Filicine* 


< 


' Stipulate 


...^  Filices 


f Ophioglossaceae.  Ex.:  Adder’s  Tongue. 
"■  (Marattiacese.  Ex.:  Marattia. 

'Polypodiaceas.  Ex.:  Maiden-hair,  etc. 
Cyatheacere.  Ex.  : Tree  Ferns. 
Osmundaceas.  Ex. : Royal  Fern. 

...-(  Schizascese.  Ex.  : Twining  Fern,  Lygo- 
dium. 

Gieicheniacete.  Ex. : Gleichenia. 
(Hymeuophyllaceae.  Ex.:  Film  Ferns. 


(Rhizocarpese 


{Marsileaceae.  Ex. : Pepper-worts. 
Salvineacere.  Ex.  : AVater  Ferns. 


Equisetacese  ... 


Equisetaceas.  Ex. : Horse-tails. 


Dichototni 


f Ligulat® 


(Lycopodiacese 


Selaginelleae.  Ex. : Selaginella. 
Isoetere.  Ex. : Quill-wort. 


f Lj'copodieae.  Ex.  : Stag’s  horn  Moss. 
( Psilote®.  Ex. : Psilotum. 


Class  I.— Filicineze. 

The  second  or  asexual  generation  are  plants  Avitli  large 
usually  divided  leaves,  bearing  sporangia  (capsules  con- 
taining spores)  (see  Fig.  167),  collected  in  sori  (groups  of 
sporangia),  usually  on  the  under  surface  of  the  leaf.  The 
Filioinese  are  divided  into— (1)  Stipulates ; (2)  Filices; 
(3)  Rldzocavpeoe. 


Fig.  215. 


A sporangium  of 
a Fern  (magnified). 
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Division  I. — Stipulate. 

These  plants,  hitherto  included  among  ferns,  must  be 
separated  from  them  in  consequence  of  the  entirely 
different  mode  in  which  their  sporangia  are  formed  ; they 
agree  with  the  sporangia  of  all  vascular  Cryptogams,  in 
the  one  point  of  belonging  to  the  leaves.  The  sporangia  in 
the  Stipulate  are  not,  however,  products  of  single  epider- 
mal cells,  as  in  Ferns  and  Rhizocarps,  but  their  origin 
more  resembles  that  of  the  pollen-sac  of  the  anthers  of 
many  angiosperms.  The  stipulate  structure  occurring  in 
these  plants  is  entirely  foreign  to  ferns.  The  second  or 
asexual  generation  is  usually  unbranched,  the  leaves 
stipulate,  and  the  sporangia  are  produced  from  the  meso- 
phyll  of  the  leaf,  and  of  one  kind  only.  The  Stipulate 
are  divided  into  two  orders — Ophioglossaceoe  and  Marat- 
tiacecc. 


Order  1. — Ophioglossaceos. 

The  protliallium  is  developed  underground  and  is 
destitute  of  chlorophyll.  The  leaves  are  not  circinuate  in 
vernation ; and  the  sporangia  dehisce  by  two  valves  open- 
ing down  the  side  nearly  to  the  base ; they  have  no  ring 
or  annulus. 


Order  2. — Marattiacece. 

The  leaves  are  circinuate  in  vernation;  the  sporangia 
open  by  pores  or  by  a slit  down  one  side  of  the  capsule  ; 
they  are  without  a ring,  and  are  usually  jointed  together  in 
concrete  masses  (synangia). 

Division  II—  Filices. 

The  sexual  generation  or  prothallium  arising  from  the 
spores  of  the  plants  of  this  group,  is  a thalloid  structure 
containing  chlorophyll,  and  obtaining  its  nourishment 
independently  ; it  produces  simple  root-hairs  (rhizoids),  and 
finally  antheridia  and  archegonia ; the  prothallia  of  Poly- 
podiacese  arebright  green  organisms  of  a scale-like  appear- 
ance ; they' grow  abundantly  on  old  walls  and  low  ground, 
in  damp  and  shady  situations  ; they  are  found  most  abun- 
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dantly  at  the  beginning  of  the  rainy  season.  The  prothallia 

are  monoecious,  though, 
as  in  Osmunda,  they 
show  a tendency  to  be 
dioecious. 

The  second  or  asexual 
generation  or  fern  as 
it  is  ‘popularly  termed, 
is  erect  and  unbranch- 
ed, or  prostrate  and 
slightly  branched ; the 
mature  fern  is  in  some 
Hymenophyllacese,  a 
small  delicate  plant, not 
much  exceeding  in 
dimensions  the  larger 
Muscinese  ; in  other  sec- 
tions, the  fully  grown 
plants  attain  the  size  of 
considerable  shrubs; 
some  species  assume 
even  a palm-like  habit, 
and  are  called  tree  ferns. 

The  leaves  (common- 
ly known  as  fronds ) 
are  not  stipulate  , they 
are  usually  character- 
ized by  a circinnate 
vernation,  and  they 
only  unroll  in  the  last 
growth. 


stage  of  their 
The  form  of  the  leaves 
are  among  the  most  per- 
fect in  the  whole  vege- 
table  kingdom,  the  la- 
mime  are  usually  deep- 
ly lobed,  branched,  or 
pinnate.  In  Lygodium 
Pinnate  leaf  (frond)  of  a Fern.  the  leaf-stalk  Of  lacllis 

resembles  a twinning  stem,  growing  for  a long  period,  the 
pinnae  presenting  the  appearance  of  leaves. 
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Fig.  217, 


Ihe  sporangia  (capsules)  arise  from  single  epidermal 
cells,  and  are  usually  stalked  unilocular  capsules.  A 
ring  ol  cells  is  generally  developed  on  the  capsule  in  a pecu- 
liar manner,  and  is  termed  the  an- 
nulus (see  Fig.  167);  by  its  con- 
traction when  it  dries  up,  the  cap- 
sule bursts.  Sometimes,  instead  of 
the  annulus,  a terminal  or  lateral 
group  of  cells  of  the  wall  of  the 
capsule  is  developed  in  a similar 
manner.  The  sporangia  are  general- 
ly combined  into  groups  (sori),  each 
group  being  termed  a sorus  (see 
Fig.  217).  The  sorus  contains  either 
a small  definite  number,  or  a large 
indefinite  number,  of  sporangia. 
The  whole  sorus  is  generally  covered 
by  an  outgrowth  of  the  epidermis, 
the  indusium  or  involucre  (see  Fig. 
217).  In  some  cases  the  sori  are 
uniformly  distributed  over  the 
in  others  they  are  connected  with 
The  spores  are  of  one  kind  only  ; 
they  do  not  usually  germinate  till  a considerable  time  after 
dissemination. 

The  systematic  classification  of  ferns  is  based  artificial- 
ly on  the  form  of  the  mature  sporangia  for  the  orders,  and 
of  the  form  and  arrangement  of  the  sori  for  the  genera. 
The  Filices  may  be  divided  into  six  orders  : (1)  Polypo- 
diacece ; (2)  Gyatheacece;  (3)  Osmundacecc;  (4)  Schizccacece ; 
(5)  Gleicheniacece ; and  (6)  Hymenophyllacccc  (see  Hooker 
and  Baker’s  Synopsis  Filicum) : — 


by  indusia. 

whole  of  the  lamina: 
definite  portions  of  it. 


Order  1. — Polypodiacece. 

Sori  dorsal  or  marginal,  of  many  capsules,  usually  pedi- 
cellate ; annulus  vertical  and  incomplete ; dehiscence 
transverse. 


Order  2. — Cyalheacece. 

The  annulus  is  complete,  oblique ; dehiscence  transverse; 
sporangia  sessile.  Mostly  tree  ferns. 
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Order  3. — Osmundacece. 

Sporangia  shortly  stalked ; dehiscence  longitudinal,  2- 
valved,  opening  across  the  apex,  furnished  with  a short 
horizontal  ring. 

Order  4. — Schizceacece. 

The  annulus  is  in  the  form  of  a cap  ; the  dehiscence  is 
longitudinal;  capsule  2-valved,  opening  down  the  side. 
In  Lygodium,  the  climbing  leaf-stalk  ends  in  a lamina, 
which  is  not  circinnate. 

Order  5. — Gleicheniacece. 

The  sori  are  dorsal ; sporangia  sessile,  arranged  in  threes, 
or  fours,  with  a complete  transverse  annulus  ; dehiscence 
longitudinal ; involucre  none. 

Order  6. — Hymenophyllacece 

Are  small,  often  epiphytal  ferns.  The  sporangia  are  form- 
ed on  a prolongation  of  the  vein,  beyond  the  margin  of 
the  leaf  ; the  annulus  is  horizontal  or  oblique ; dehiscence 
longitudinal. 

Division  III. — Rhizocarpeal. 

The  sexual  generation  of  Rhizocarpese  is  developed 
from  spores  of  two  different  kinds, — the  smaller,  the  mi- 
ci’ospores  (male),  and  the  larger  (which  exceed  the  smaller 
several  hundred  times  in  size),  the  macrospores  (female). 
The  sporangia  are  formed  in  hollow  capsular  stalked  recep- 
tacles, closed  on  all  sides,  usually  termed  sporocarps. 

The  Rhizocarpese  is  divided  into  two  orders  : 

Order  1. — Marsileacece 

Are  perennial  plants,  creeping  in  mud  ; microspores  and 
macrospores  in  the  same  sporocarp.  Example  : Marsileco 
quadrifolia. 

Order  2. — Scdvineacece 

Are  annual  plants  floating  on  water ; microspores  and 
macrospores  in  distinct  sporocarps.  Example  : Water  Ferns. 
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Class  II. — Equisetaceas. 

The  second  or  asexual  generation  are  herbaceous  plants, 
with  fistular  jointed  stems  (horse-tails),  see  Fig.  21S.  In 
the  sexual  generation  the  prothallia  are  generally  dioecious ; 
the  male  prothallia  are  small,  the  female  are  much  larger 
(as  much  as  half  an  inch). 

All  existing  forms  are  so  nearly  related  to  one  another 
that  they  may  be  included  .in  a single  genus  Equisetum; 
even  the  Equisetacese  of  earlier  geological  periods,  the 
Calamities,  show  in  the  little  that  is  still  discernible  of 
their  organization,  the  closest  agreement  with  existing 
forms. 

Class  III. — Dichotomi. 

The  second  or  asexual  generation  is  usually  repeatedly 
dichotomously  branched,  with  very  small  1-nerved  leaves; 
the  sporangia  are  solitary.  The  Dichotomeee  may  be 
divided  into  two  divisions:  Ligulatre  and  Lycopodiacese. 

Division  I. — Ligulat/e. 

The  leaves  are  furnished  with  a ligule  near  the  base ; the 
spores  are  of  two  kinds.  The  prothallia  are  small,  and  are 
never  independent  of  the  spores. 

Order  1. — Selaginellece. 

The  leaves  are  small,  scale-like,  are  placed  in  four  rows, 
and  are  of  different  sizes ; the  lateral  rows  consisting  of 
larger,  the  upper  and  under  of  smaller  leaves. 

Order  2. — Isoeteai 

Are  aquatic  plants,  with  a simple  cylindrical  but  only 
slightly  developed  stem,  with  long  grass-like  leaves. 

Division  II. — Lycopodiaceal. 

The  Lycopodiacese  possess  only  one  kind  of  spore ; the 
leaves  are  simple  sessile,  and  with  a single  central  vein  ; 
they  are  all  of  the  same  size,  and  are  arranged  spirally  on 
the  stem. 

Order  1. — Lycopoclieai 

Are  plants  with  procumbent  stems,  hard  and  woodjL 
Several  species  of  the  Lycopods  are  commonly  known  as 
stag’s  horn  moss,  or  club  moss. 
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Order  2. — Psilotece 

Are  plants  with  long,  slender,  many  forked  stems,  and 
very  small  rudimentary  leaves  ; true  roots  are  altogether 
wanting ; the  sporangia  are  trilocular. 


Details  of  Vascular  Cyptogamic  Orders. 


Order  I. — Ophioglossacece. 

In  the  sexual  generation  the  Ophioglossacese  is  a monoe- 


Fig.  218. 


cious  prothallium  developed  un- 
derground ; which  produces  a 
number  of  antheridia  and  arche- 
gonia  ; the  antheridia  are  cavi- 
ties in  the  tissue  of  the  pro- 
thallium ; the  antherozoids  are 
similar  in  form  but  larger  than 
those  of  the  Polypodiaceae.  The 
archegonia  are  developed  in  a 
similar  manner  to  those  of  other 
vascular  Cryptogams. 

The  asexual  generation  bears 
•the  sporangia,  which  are  essen- 
tially different  from  those  of 
ferns;  they  agree  with  the 
sporangia  of  all  vascular  Crypto- 
gams in  the  one  point  of  belong- 
ing to  the  leaves  ; they  are  not, 
however,  the  product  of  single 
epidermal  cells,  as  in  Ferns  and 
Iihizocarps.  The  sorus  is  an 
entire  lobe  of  a leaf,  the  inner 
tissue  of  which  produces  the 
mother  cells  of  the  sporangia, 
thus  resembling  the  pollen-sac 
of  the  anthers  of  many  angios- 
perms.  Ophioglossum  reticula- 
tum  (Bale,  Ekteera)  is  a native 
of  cool,  shady  places,  where  it 


Ophwjlossum. 
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appears  during  the  rainy  season.  0.  vulgatum,  L.,  is  the 
common  adder’s  tongue.  Other  genera  are  : Botrychium, 
Swartz  ; and  Helminthostachys,  Kaulf. 


In  this  order  the  sori  are  placed  singly  on  lateral  veins 
of  the  pinnae,  to  which  they  are  attached  by  a narrow  ridge 
shaped  base;  they  resemble  the  Ophioglossacere  in  the 
origin  of  their  spores,  and  by  their  stipular  structure  which 
is  entirely  foreign  to  true  ferns.  The  commonest  genera 
are  : Marattia,  Sin.  (which  is  a well-marked  genus,  ex- 
tending all  round  the  world  within  the  tropics) ; and 
Angiopteria,  Hoffm. 


Order  II. — Marattiacece. 


Order  III. — Polypodiacece 


Are  ferns  with  stalked 
sporangia,  having  a verti- 
cal incomplete  annulus 
with  transverse  dehiscence. 
This  order  may  be  divided 
into  ten  sub-orders,  which 
may  be  grouped  into  two 
divisions;  the  first  (Invo- 
lucratae)  containing  plants 
having  an  indusium,  the 
second  (Exinvolucratae) 
comprising  those  which 
have  none  (see  Hooker’s 
and  Baker’s  Synopsis  Fili- 
cum) : 


A portion  of  the  leaf  (frond) 
of  a fern  showing  the  spore  coses 
in  which  the  spores  are  formed. 
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A. — INVOLUCRAT2E. 

1.  Asplenies.  The  sori  are  unilateral  on  the  course  of  the  veins. 

2.  Aspidieee.  Indusium  uniform  or  peltate. 

3.  Davallies.  The  sori  are  terminal  on  a vein,  or  at  a fork  or  are 

placed  on  a intra-marginal  anastomosing  bend  of  the  veins. 

4.  Lindsscs.  Indusium  bursts  along  its  outer  margin,  attached  in- 

teriorly. 

5.  Pterides.  Sori  usually  linear  marginal ; indusium  bursting  along 

its  outward  margin,  attached  exteriorly. 

6.  Bleclines.  Sori  linear  situated  between  the  mid-rib  and  margins 

of  the  leaflets. 

7.  Dicksonies.  Indusium  cup-shaped,  reflexed. 

B. — EXINVOLUCRATiE. 

1.  Acrostichcs.  Fronds  wholly  fertile. 

!.  Polypodies.  Sori  usually  globose. 

U.  Gramm  it  ides.  Sori  linear  or  oblong, 

1 —  The  Aspleniecc  include  the  genera  Aspleuium,  L.; 
Allmtodia,  R.  Br. ; and  Actiniopteres,  Link. 

2 —  Aspidieee  contain  the  genera  Aspidium,  a cosmopoli- 
tan venus;  Nephrodium,  also  cosmopolitan;  Nephrolepis; 
Oleardra,  a small  genus  almost  restricted  to  the  tropics, 
distiiguished  from  Nephrodium  mainly  by  habit,  having 
widey  creeping  scandent  shoots,  jointed  stems,  and  entire 
lancolate  elliptical  fronds. 

3 —Davalliece  include  the  genera  Davallia,  Cystopteris,  a 
genu;  allied  to  Woodsia. 

4.— Lindsceeee  contain  only  a single  genus  Lindsrea. 
o.—Pteridece  contain  the  genera  Adiantum  (maiden-hair 
Fiic.  220.  ferns),  most  of  the  species  of  which 

are  recognizable  from  all  other  ferns 
except  the  typical  Liudsiea  by  the 
texture  and  one-sidedness  of  their 
segments;  Citeilanih.es , in  which 
the  fronds  are  under  a foot  long, 
often  under  six  inches.  It  is  very 
difficult  lo  draw  the  line  between 
Cheilanthes  and  Nothochlsena, 
waflet  of  an  Adiantum.  which  is  the  corresponding  non- 
inmsiate  genus.  Onychium,  Cryptogramme,  Pellcea,  Pteris, 
a irge  cosmopolitan  genus;  Ceratopteris  and  Lomaria,  a 
coniderable  genus  closely  connected  with  Blechnum. 

l— Blecknete  contain  the  genera  Blechnum,  Wood- 
wadia,  and  Doodia. 
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7.  — Dichsonieai  contain  the  genera  Onoclea,  large  herba- 
ceous terns  ; Woodsia,  small  herbaceous  much  tufted  ferns; 
Sphcero'pteris,  and  Dicksonia. 

8.  — Acroshticheai,  containing  the  single  genus  A crosti- 
chum,  L.,  are  readily  distinguished  by  the  back  of  tie 
fronds  being  almost  or  entirely  covered  with  spore-cases. 

9- — Polypodieai,  including  also  only  one  genus  Polypb- 
dium,  which  contain  a larger  number  of  species  than  aiy 
other  genus. 

10. — Grammitidece  include  the  genera  Nothochlceia, 
R Br. ; Gymnogramme  Desv,  Bramea,  K.,  a genus  of  subtr- 
borescent  ferns ; Meniscium,  Schreb. ; Antrophyum,  Kauf., 
ferns  with  simple  fronds  of  firm  but  fleshy  texture ; Vita- 
ria,  ferns  having  grass-like  fronds  of  subcoriaceous  texture; 
Lrymoglossum,  Prsl. ; and  Ilemionitis,  L. 

Order  IV. — Gyatheacece. 

The  Cyatheaceee  are  mostly  tree  ferns.  The  sori  nore 
or  less  elevated  on  a common  receptacle  are  dorsal,  globse  ; 
sporangia  sessile  or  stalked,  with  on  oblique  anmius ; 
dehiscence  transverse;  involucre  scale-like,  or  cup-shiped, 
or  absent  in  alsophila.  Common  genera  are : Cydhea, 
Sm.;  Alsophila,  R.  Br. ; Diacalpe,  Bl. ; Matonia,  R.  Br(not 
arborescent) ; and  Hemitelia.  The  Alsophila  are  arborecent 
ferns,  with  the  general  habit  of  Cyathea  and  Hemtelia, 
but  destitute  of  involucre.  Alsophila  latebrosa,  H.  £.,  is 
common  almost  throughout  India  proper  and  the  dal  ay 
Islands,  and  is  the  common  kind  of  tree  fern  seen  round 
Darjiling. 

Order  V. — Osmundacece. 

The  Osmundaceae  are  striking  ferns,  clearly  mar  bed 
by  habit.  The  numerous  shortly-stalked  sporangia  ae 
arranged  in  dense  sori  on  the  back  of  the  frond  or  ir a 
spike  or  panicle,  due  to  the  non-development  ot  the  paren- 
chymatous tissue  between  the  veins;  the  annulus  is 
horizontal  and  incomplete;  the  dehiscence  is  longitudinl. 
Other  genus,  Todea,  Willd. 

Order  VI. — Schizceacece. 

The  sporangia  are  ovoid  or  pear-shaped;  sessile  or  shorjy- 
stalked,  opening  down  one  side;  the  annulus  is  compite 
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and  circular,  and  is  in  the  form  of  a cap,  on  the  summit ; 
the  dehiscence  is  longitudinal.  Lygodium  is  a small  widely 
diffused  genus,  well  characterized  by  its  scandent  twining 
stem.  The  primary  branches  end  in  a lamina  which  is  not 
circinnate.  Lygodium  scandens,  Lin.,  is  common  in  most 
parts  of  India;  the  sporangia  appear  in  the  rains  and  cold 
season ; the  compound  fronds  are  like  slender  climbing 
stems,  bearing  small  fronds,  and  are  of  indefinite  growth. 
Lygodium  flexuosum,  Sw.  (Bhut-raj),  is  a perennial  scand- 
ent plant;  the  fronds  are  compoundly  pinnate  ; the  ulti- 
mate segments  are  long  and  narrow,  having  sporangia  on 
both  sides. 

Schizcea,  Smith,  is  a small  widely-diffused  genus,  very 
distinct  in  habit.  Other  genus,  Anemia,  Sw. 

Order  VII. — Gleicheniacece. 

The  sori  are  dorsal,  without  indusium;  sporangia  sessile, 
usually  two  to  ten  in  each  sorus ; the  annulus  is  complete, 
transverse  or  oblique;  dehiscence  longitudinal. 

Order  VIII. — Hymenophyllacece. 

This  order  contains  the  lowest  forms  of  ferns,  most 
nearly  allied  to  the  mosses  ; they  are  small,  often  epiphytic; 
the  sporangia  have  an  oblique  or  transverse  complete 
annulus,  and  therefore  burst  with  a longitudinal  slit ; they 
are  formed  on  a prolongation  of  the  fertile  vein  projecting 
beyond  the  margin  of  the  leaf,  which  is  surrounded  by  a 
cup-shaped  indusium.  The  genus  Hymenophyllum,  Smith, 
contains  small,  sometimes  very  minute  ferns,  frequently 
found  growing  on  trunks  of  trees  and  damp  rocks ; the 
fronds  are  of  delicate  texture,  often  of  an  olive-green  colour. 
The  Trichomanes,  L.,  agree  with  the  last  in  habit  of  growth 
and  delicacy  of  texture ; the  shape  of  the  involucre  is 
characteristic. 

Order  IX. — Marsiliacece. 

In  the  asexual  generation,  these  plants  are  perennial, 
creeping  in  mud ; the  microsporangia  and  macrosporangia 
are  contained  in  the  same  sporocarp.  The  sporocarp  has 
somewhat  the  form  of  a bean,  the  stalk  running  up  one 
of  its  edges ; the  interior  of  the  sporocarp  is  divided  into 
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compartments,  each  containing  a sorus,  the  placenta  of 
which  extends  on  its  external  face  from  the  dorsal  to  the 
ventral  edge  of  the  sporocarp  and  projects  inwards  in  the 
form  of  a ridge  along  the  centre  ; the  placenta  bears  a row 
of  macrosporangia,  and  on  either  side  of  this,  a row  of 
microsporangia. 

The  sporangia  must  be  considered  as  metamorphosed 

leaves  Avith  united  pin- 
nre,  and  bearing  the 
sporangia  on  their  upper 
sides  in  a definite  rela- 
tion to  the  course  of  the 
veins,  in  the  same  man- 
ner as  among  the  ferns. 

Beneath  the  epidermis 
of  the  wall  of  the  sporo- 
carp, Avhieli  is  at  first 
very  hairy,  lie  tAvo  or 
three  layers  of  thickened 
and  lignified  cells,  which 
form  a very  hard  sporo- 
carp-wall,  scarcely  per- 
meable by  water. 

Marsilea  quadrifolict, 
Roxb.  (Susneshilk),  is 
very  common  on  the  bor- 
ders of  tanks  and  marshy 
places;  the  leaves  have 
long  petioles,  with  four 
leaflets  at  the  summit. 
The  leaflets  are  broad 
obcordate,  entire,  resem- 
bling the  leaflets  of  Oxalis  or  Trifolium. 

Order  X. — Salviniacece 

Are  annual  plants  floating  in  water  ; the  microsporangia 
and  the  macrosporangia  are  formed  in  different  sporocarps, 
which  are  the  metamorphosed  teeth  of  the  submerged  leaves. 
A resemblance  can  thus  be  traced  between  the  sporocarp 
of  Salvinia  and  the  indusiatc  sorus  of  Hy m e n o p b y 1 lacese. 
In  Salvinia  the  wall  of  the  sporocarp  is  thin  and  delicate. 


Fig.  221. 


Marsilea  quadrifolia , with  two  sporocarps. 
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Salvinia  imbricata,  Roxb.  (Pana),  is  a floating  ramous 
plant,  trapezifovm;  the  leaves  are  sessile,  alternate,  and 
imbricated;  the  sporocarps  are  situated  between  the  roots, 
on  the  underside  of  the  plant,  and  are  covered  by  imbri- 
cated scales.  S.  cucullata,  Roxb.,  is  a small  floating  ramous 
plant ; the  leaves  are  opposite  subsessile,  cowl-shaped.  3. 
vertidllata,  Roxb.,  is  a floating  plant ; the  leaves  are  oppo- 
site petioled,  oval,  flat ; the  sporocarps  are  formed  on  the 
underside  of  the  plant  between  the  insertion  of  the  leaves, 
surrounded  with  long  hairy  trichomes.  In  S.  hispida,  the 
leaves  are  orbicular,  cordate.  Azolla  pinncita,  R.  Br.,  is  a 
pinnately  branched  plant,  with  minute  leaves ; it  differs 
from  the  Salvinia  in  having  no  true  roots.  All  the  Salvi- 
nias  are  common  in  Bengal  during  the  rains. 

Order  XI. — Equisetcicece.  m 

In  the  asexual  generation,  the  Equisetacese  consist  of 
herbaceous  plants  (horse-tails)  with  jointed  rhizomes,  and 
fistular  jointed  stems,  with  sheaths  formed  by  the  coales- 
cence of  the  leaves  at  their  base ; the  stems  are  verticil- 
lately  branched  at  the  joints ; their  vegetative  organs  have 
a resemblance  to  the  dicotyledonous  order  Casuarinese. 

The  fibro- vascular  bundles  are  arranged  in  a circle, 
between  the  central  and  cortical  air-cavities ; these  bundles 
ascend  in  a vertical  direction  and  parallel  to  one  another 
through  the  internodes  ; a quantity  of  silica  is  deposited  in 
the  stems,  and  especially  in  the  epidermis.  In  their  mode 
of  reproduction,  the  Equisetacem  closely  resemble  ferns. 

The  spornngia  of  Equisetacese  are  outgrowths  of  pecu- 
liarly metamorphosed  leaves,  and  are  generally  formed 
in  numerous  whorls,  at  the  summit  of  ordinary  shoots,  or 
of  those  specially  destined  for  this  purpose;  the  spores 
have  three  coats, — the  first  formed  coat  is  capable  of  swell- 
ing ; it  splits  subsequently  into  two  spiral  bands  forming 
the  so-called  slaters ; a second  and  third  coat  soon  after- 
wards make  their  appearance  within  it : all  three  beat  first 
closely  one  upon  another  like  successive  layers  of  a single 
coat ; but  when  the  spore  is  placed  in  water,  the  outer 
one  swells  up  strongly  and  becomes  detached  from  the 
others,  and  at  the  same  time  its  division  into  elaters  is  first 
indicated,  which  by  their  hygroscopic  properties  assist  in 
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the  dissemination  of  the  spores.  The  spores  are  highly 
organized,  containing  a nucleus  and  chlorophyll  granules. 
The  sexual  generation  arises  from  the  spores,  which  when 
sown  in  water,  or  on  damp  soil,  show  the  preparatory 
phases  of  germination  after  only  a few  hours,  and  consist 
of  independently  existing  usually  dioecious prothallia;  upon 
the  prothallia  are  produced  the  antheridia  and  archegonia  ; 
in  the  antheridia  are  developed  a number  of  eventually 
motile  antherozoids ; in  the  archegonia,  a single  central  cell, 
containing  an  oosphere,  which  alter  fertilization  develops 
into  a young  plant. 

The  Equisetacese  at  present  existing  consist  of  a single 
Fig.  222.  genus  Equisetum.  Equisetum  debile, 
lioxb.,  is  the  commonest  species  of 
Equisetum  in  India;  it  grows  abun- 
dantly in  the  plains  and  in  the  Hima- 
layas. E.  diffusum,  Don.,  is  a plant 
common  in  Northern  India ; the  stem 
and  branches  are  slender ; the  latter, 
from  three  to  five  inches  long ; the 
whole  plant  is  about  eighteen  inches 
high.  E.  elongatum,  Willd.,  is  a taller 
plant  than  E.  diffusum ; the  branches 
also  are  not  so  long  ; it  grows  in  North- 
western India.  E.  arvense,  L.,  is  from 
six  to  eight  inches  high ; the  axis  is 
very  succulent.  In  E.  variegatum, 
Schl.,  the  nodes  are  of  a bluish  colour. 
E.  limosum,  L.,  the  smooth  naked 
horse-tail  is  also  to  be  found.  Cata- 
mites and  other  plants  referable  to  this 
order  occur  in  the  Gondvdna,  and  car- 
boniferous formations  of  India  and 

Portion  of  a stem  of  an  _ 

Equiseuim  with  sporangia.  -Europe. 

Order  XII. — Selaginellw. 

The  asexual  generation  are  terrestrial  plants,  beating 
small  heart-shaped  leaves  arranged  in  four  nearly  vertical 
rows,  and  are  of  two  sizes ; the  repeatedly  dichotomizing 
branches  are  densely  covered  with  them.  (See  modes  o 
branching,  page  15.)  The  sporangia  are  shortly  stalked, 
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roundish  capsules,  arising  from  the  base  of  the  leaf  or  from 
the  stem  itself. 

The  Selaginellse  are  cultivated  for  the  elegance  of  their 
foliage.  Selaginella  verticillata  is  a plant  somewhat  resem- 
bling the  stag-horn  moss  in  appearance,  but  of  a more  deli- 
cate green  colour.  Selaginella  bi-color  is  a trailing  plant, 
very  common  in  the  gardens  about  Calcutta ; the  leaves, 
particularly  during  the  rains,  have  a peculiar  metallic  lustre, 
in  which  dark  blue,  bronze,  orange,  and  pale  green  are 
beautifully  blended.  S.  cauclata,  Spring,  is  a large  hand- 
some plant.  S.  Jacque  montis,  Spring,  is  a small  plant 
common  in  the  Himalayas  ; many  other  species  are  to  be 
found  in  the  Himalayas  and  Burmah. 

Order  XIII. — Isoetece 

Are  in  the  asexual  generation,  aquatic  plants,  with  long 
grass-like  leaves  ; the  stem  is  distinguished  by. its  extraordi- 
nary small  growth  in  length  ; the  leaves  have  broad  bases 
of  insertion,  and  do  not  leave  between  them  any  surface 
of  the  stem  bare.  'The  sporangia  do  not  dehisce,  but  the 
spores  escape  by  the  .decay  of  the  wall. 

Isoetes  capsularis,  Roxb.,  grows  in  deep  standing  water 
with  Valisneria  spiralis;  the  leaves  are  delicate,  from  two 
to  three  feet  in  length,  only  about  a quarter  of  an  inch 
broad,  and  are  slightly  serrated  near  the  apex.  The 
sporangia  are  produced  from  the  leaves  and  are  heart- 
shaped. 

Order  XI V. — Lycopodiece 

Are  terrestrial  plants  with  small  usually  closely  imbri- 
cated leaves,  of  one  size  ; the  sporangia  are  reniform  and 
arise  in  the  axils,  or  at  the  base  of  the  upper  surface  of 
the  leaves,  and  are  larger  than  those  of  the  ferns  ; they 
contain  tetrahedral  spores  of  one  kind  only ; they  split 
when  mature  into  two  valves  at  the  apex,  or  on  the 
anterior  surface. 

The  prothallia  are  developed  underground  and  are  monoe- 
cious. Tlie  genus  Lycopodium  includes  a very  large  num- 
ber of  species  common  in  India,  principally  in  the  Hima- 
layas and  mountains  of  Southern  India.  L.  clavatum,  L., 
is  one  ol  the  commonest  species.  Thirteen  Indian  species 
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are  represented  in  the  Herbarium  at  the  Royal  Botanical 
Garden,  Shibpur. 

The  Lepidodendra  are  fossil  Lycopods  described  by  Hugh 
Miller  as  “great  plants  of  the  club-moss  type,  that  rose 
from  50  to  70  feet  in  height.” 

Order  XV. — Psilotece 

Are  plants  with  long  slender,  many  forked  stems,  and 
very  small  rudimentary  leaves;  true  roots  are  altogether 
wanting.  Example  : Psilotum  triquetrum,  Swartz. 


GROUP  II. — MUSCINEiE. 

The  mosses  and  liverworts,  which  are  comprised  under 
the  term  Muscine®,  resemble  the  vascular  Cryptogams  in 
the  fact  that  their  life  history  consists  of  a sharply  defined 
alternation  of  generation,  a sexual  (the  moss)  and  an 
asexual.  This  last  structure,  when  observed  externally, 
appears  simply  as  a fruit;  it  is  hence  called  indifferently 
fruit,  or  sporogonium,  and  is  destined  for  the  production  of 
asexual  spores. 

When  the  asexually  produced  spore  germinates,  it  gives 
rise  in  most  of  the  Hepatic®  immediately  to  the  sexual 
generation  ; in  all  the  mosses  and  a few  Hepatic®  a confer- 
void  thallus  is  first  formed  called  a protonema,  from  which 

the  sexual  generation  devel- 
ops. The  sexual  generation, 
unlike  that  in  vascular  Cryp- 
togams, is  largely  developed, 
and  forms  the  plant  commonly 
known  as  a moss  or  liver- 
wort. The  sexual  generation 
is  either  a fiat  leafless  thallus, 
as  in  most  liverworts,  or  a 
slender  leafy  stem,  often  much 
branched,  as  in  most  mosses. 
In  most  cases,  the  thallus  or 
the  apex  of  the  leafy  stem 
continues  to  grow,  while  the 
older  parts  die  off;  in  this 
manner,  the  branches  finally 
become  independent  plants, 


Fig.  223. 


A moss  (Hypnum)  showing  the  leafy 
portion  (sexual  generation)  and  fruit- 
like  structure  (asexual  generation)  in 
which  the  spores  are  formed. 
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and  this,  as  well  as  multiplication  by  gemmae,  &c.,  serves 
not  only  to  increase  the  number  of  individuals,  but  is  also 
the  immediate  cause  of  the  social  mode  of  growth  of  these 
plants.  In  this  maimer  many  mosses,  such  as  Sphagnum, 
Hypnum,  &c.,  form  dense  masses  extending  over  consider- 
able areas. 

The  sexual  organs  of  the  Muscineas  are  antheridia  (male) 
and  archeyonia  (female).  The  mature  autheridium  is  a 
body  with  a ionger  or  shorter  stalk  of  a spherical,  ellip- 
soidal, or  club-shaped  form,  within  which  the  antherozoids 
are  formed,  which  are  spirally  coiled  threads,  thicker  at 
the  posterior,  and  tapering  to  a fine  point  at  the  anterior 
end,  at  which  are  placed  two  long  fine  cilia,  the  vibrations 
of  which  cause  motion.  The  female  organs  (the  archegonia) 
are,  when  in  a condition  capable  of  being  fertilized,  serai- 
shaped bodies  bulging  from  a narrow  base  and  prolonged 
into  a long  neck ; they  contain  within  the  cavity  the 
oosphere  or  female  cell.  The  antheridia  and  archegonia  are 
usually  produced  in  great  numbers  in  close  proximity.  In 
the  thalloid  forms  of  the  Hepaticee,  they  are  generally 
enveloped  by  later  outgrowths  of  the  thallus.  In  mosses 
and  some  Hepatic*©,  several  archegonia  are  commonly  sur- 
rounded by  an  envelope  formed  of  leaves,  which  is  termed 
the  periclaetium.  In  the  mosses  the  antheridia  are  fre- 
quently collected  in  inflorescence-like  structures  either 
with  the  archegonia  or  in  a monoecious  or  dioecious  condi- 
tion. 

The  asexual  generation  or  sporogonium  arises  in  the 
archegonium  from  the  fertilized  oosphere.  It  forms  a cel- 
lular body  which  causes  the  expansion  of  the  original  wall 
of  the  archegonium.  After  a time  the  wall  gives  way  in 
the  mosses  by  a circumscissile  dehiscence,  so  that  the  upper 
part  is  carried  upwards,  ultimately  becoming  the  calyptra 
of  the  sporogonium.  Its  behaviour  supplies  distinctive 
characters  for  the  larger  groups.  In  the  lower  Hepatic® 
the  sporogonium  remains  always  enclosed  in  the  calyptra  ; 
in  the  higher  Hepatic®,  it  protrudes  only  after  the  ripen- 
ing of  the  spores.  As  the  sporogonium  grows,  it  becomes 
differentiated  into  a slender  stalk  or  seta  and  a capsule  or 
urn  or  theca  in  which  the  spores  arise. 

The  mode  of  development  of  the  spores  of  Muscine® 
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agrees  in  the  main  points  with  that  of  the  pollen  of  Pha- 
nerogamia;  the  laj^ers  of  the  tissue,  which  produce  the 
spores,  after  multiplying  to  a Certain  extent,  form  free 
cells  from  the  whole  contents  of  each  cell ; each  of  these  cells 
become  divided  into  four,  and  each  of  these  four  new  cells 
produces  a single  free  cell  from  its  whole  contents.  These 
last  formed  cells,  set  free  by  the  solution  of  the  enclos- 
ing membrane,  are  the  spore  cells,  which  when  ripe  are 
often  marked  with  points  or  recticulations  like  pollen- 
grains.  The  ripe  spores  have  a thin  cuticle  (the  exospore) 
provided  with  small  excrescences  which  is  ruptured  on 
germination  by  the  inner  layer  of  the  cell-wall  (endospore). 
The  differentiation  of  the  tissue  of  Muscinese  is  not  so  con- 
siderable as  in  vascular  Cryptogams  ; fibro-vascular  bundles 
are  not  formed,  only  in  the  stem,  and  leaf-veins  of  the  more 
perfect  mosses,  is  an  axial  bundle  of  elongated  cells  differ- 
entiated, which  may  be  considered  as  a slight  indication  of 
the  fibro-vascular  system. 

The  Muscinege  arc  divided  into  two  classes:  ls£,  Musci 
(mosses),  and  2nd,  Hepaticse  (liverworts). 


Abstract  of  Orders  of  Muscinege. 


'Musci  ) 
(Mosses) ) 

MUSCINE2E 

Hepatieac 

(Liverworts) 


{Bryacear.  Ex. : Feather  Moss. 
I’hasacete.  Ex. : Earth  Moss. 
Andreacear.  Ex.:  Andrea. 
Sphagnaceac.  Ex. : Bog  Mosses, 
f Jungermannieas.  Ex.:  Liverworts. 
| March  an  tieaa.  Ex. : Marchantia. 

( Monoclese. 

| Riccieac.  Ex.:  Waterworks. 
^Antnoceroteae.  Ex.  : Nardoo. 


Berkeley  divides  mosses  into  five  groups  : 

1.  Pleurocarpi 

2.  Cladocarpi 

3.  Acrocarpi 

The  group  Phascei  of  Acrocarpi 

4.  Schistocarpi 

5.  Syncladei 


Bryaceaa. 

Phasacere. 

Andreacear. 

Sphagnacea3. 


Many  of  the  mosses  and  liverworts  are  cosmopolitan. 
For  particulars  of  these  plants,  see  Berkeley’s  Handbook  of 
British  Mosses.  See  also  Hooker  and  Taylor’s  Muscologia 
Britannica,  1827  ; Australian  mosses,  Mueller,  1864  ; Bryo- 
loo-ia  Britannica,  Wilson:  “mosses  of  the  East  Indies,” 
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Mitten,  Journal  of  the  Linnsean  Society,  iii,  1859  (Supple- 
ment); and  Synopsis  Muscorum  Frondosorum,  Muller.  For 
the  minute  structure  of  the  Muscinete,  see  Sachs’  Text-book 
of  Botany,  translation  by  Bennet  and  Thistleton  Dyer. 

Class  I. — Musci. 

In  mosses,  the  sexual  generation  is  developed  from  the 
spore  with  the  intervention  of  a protonema,  often  densely 
filamentous,  and  consists  of  filaform  stems,  furnished  with 
leaves  in  two,  three  or  four  rows,  usually  without  any 
bilateral  structure,  and  generally  branching  in  a monopodia!, 
never  in  a dichotomous,  manner  (modes  of  branching,  see 
page  15). 

In  most  mosses,  the  protonema  disappears  after  it  has 
produced  the  leafy  stems  as  lateral  buds;  but  where  these 
latter  remain  very  small  and  have  otdy  a short  term  of  life, 
as  in  the  Phascacese,  &c.,  the  protonema  still  remains  vigor- 
ous after  it  has  produced  the  leafy  plants,  and  when  the 
sporogonium  has  already  been  developed  upon  them.  In 
such  cases,  all  three  stages  of  the  cycle  of  development  are 
present  simultaneously  in  genetic  connection. 

The  leaf-bearing  plant,  which  afterwards  produces  the 
sexual  organs,  originates  from  the  lower  cells  of  the 
lateral  branches  of  the  protonema.  “ The  sexual  organs 
of  mosses  usually  occur  in  considerable  numbers  at  the  end 
of  a leafy  axis  surrounded  by  enveloping  leaves  often  of 
peculiar  shape  ; a compound  structure  of  this  kind  may, 
for  the  sake  of  brevity,  be  called  a ‘ Flower.’  Within  a 
flower,  either  both  antheridia  and  archegonia  are  pro- 
duced, or  it  contains  only  one  kind  of  sexual  organ.  The 
flowers  may  then  be  either  monoecious  or  dioecious ; ” the 
antheridia  are,  when  mature,  stalked  sacs  with  a wall  con- 
sisting of  a single  layer  of  cells ; in  most  mosses  they  are 
of  an  elongated  club-shape.  The  archegonia  consist,  when 
mature,  of  a moderately  long  base,  which  supports  a 
roundish  ovoid  ventral  portion ; above  this  rises  a lono- 
thin  neck. 

The  asexual  generation,  or  sporogonium,  is  formed  in  the 
archegonium.  After  impregnation,  the  oospore  develops 
into  the  sporogonium,  within  the  archegonium,  which  latter 
grows  with  it  and  becomes  the  calyptra.  Although  growing 
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Fig.2  24. 


The  capsule  with  oper- 
culum, etc.,  of  roly- 
trichum. 


within  the  tissue  of  the  sexual  generation,  the  spore-case 

lias  no  organic  connection  therewith. 
Within  the  sporogonium  (tlieca  or  urn ) 
a number  of  spores  are  formed,  and  when 
they  are  mature,  the  stalk  (seta),  or 
pedicel,  rapidly  becomes  elongated,  thus 
throwing  off  the  calyptra  (veil) ; the 
neck  of  the  archegonium,  the  wall  of 
which  assumes  a deep  red  brown  colour, 
still  for  some  time  crowns  the  apex  of 
the  calyptra.  A large  part  of  the  cen- 
tral tissue  of  the  capsule  remains  sterile  as  the  so-called 
columella;  the  upper  part  (operculum)  of  the  capsule 
usually  becomes  detached  from  the  lower  part  (the  urn)  in 
the  form  of  a lid,  in  order  to  allow  the  spores  to  escape. 

“ The  vegetative  reproduction  of  mosses  is  more  copious 
and  varied  than  is  the  case  in  any  other  section  of  the 
vegetable  kingdom.  It  presents  the  peculiarity  that  the 
production  of  a new  leaf-bearing  stem  is  always  preceded 
by  the  formation  of  a protonema,  even  when  the  propaga- 
tion takes  place  by  gemmae  (see  page  15).  Exceptions  are 
afforded  only  by  the  few  cases  in  which  leafbuds  become 
detached,  and  commence  immediately  to  grow.”  In  some 
species,  it  is  sufficient  to  keep  a tuft  of  moss  damp  for 
some  days,  and  turned  downwards,  in  order  to  produce 
hundreds  of  new  plants  in  this  manner. 

No  plants  are  so  easy  to  prepare  for  the  herbarium  as 
mosses ; they  easily  part  with  any  moisture  which  they 
have  imbibed,  and  if  common  care  is  used,  they  are  not 
liable  to  be  spoiled  by  damp  or  seriously  injured  by  the 
depredation  of  insects. 


Abstract  of  Orders  of  Mosses. 

Mosses  may  be  distributed  naturally  into  four  parallel 
orders : 

Bryacea3.  I Andreasaceae. 

Phascaceae.  I Sphagnacerc. 

Order  I. — Bryacece 

Are  mosses,  with  small  and  scale-like  leaves,  usually 
spirally  arranged.  The  sporogonium  is  always  stalked, 
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and  the  seta  is  usually  of  considerable  length.  The  theca 
is  covered  by  a calyptra,  and  opens  by  throwing  off  an 
operculum.  The  Bryacese  include  a large  number  of 
genera. 

Order  II. — Phascacece 

Are  small  mosses,  and  may  be  considered  as  the  lowest 
form  of  the  Bryacese.  They  are  usually  found  covering 
the  earth  with  a green  crust,  which  ultimately  develop  into 
tiny  plants.  The  short  stems  remain  attached  to  the  pro- 
tonema,  until  the  spores  are  ripe.  The  sporogonium  (urn) 
does  not  open  by  an  operculum,  but  allows  the  escape  of 
the  spores  only  by  its  decay. 

Order  HI.-^Andreceacece 

Are  small  tufted  mosses  with  blackish  red  foliage,  which 
gives  them  a burnt-up  appearance  ; they  are  very  leafy  and 
much  branched,  the  leaves  being  imbricated  in  eight  rows. 
The  sporogonium  has  constantly  a terminal  position  on  the 
stems  of  the  sexual  plants,  and  sessile  on  a slightly  elongat- 
ed stalk-like  receptacle  : the  ripe  theca  does  not  open  by 
an  operculum,  but  by  four  longitudinal  slits  at  the  side ; 
this  last  peculiarity  is  characteristic  of  the  order. 

Order  IV. — Sphagnacece 

Are  aquatic  plants  of  cold  and  temperate  climates, 
with  peculiar  yellowish  green  aspect,  imbricate  leaves,  and 
fasciculate  branches.  The  sporogonium  (urn)  is  sessile  on 
an  often  much  elongated  receptacle  (pseudopodium).  The 
sporogonium  dehisces  by  an  operculum  and  is  destitute  of 
a peristome.  In  the  sporogonium  two  kinds  of  spores 
are  produced,  the  larger  of  which  only  germinates.  The 
Sphagnacese  include  only  a single  genus. 


Class  II. — Hepatigve. 

The  sexual  generation  arises  direct  from  the  spore,  or 
from  a rudimentary  pro-embryo  developed  on  a dichoto- 
mously  branched  (see  modes  of  branching,  page  15)  thalloid 
stem  ; the  mode  of  growth  is  distinctly  bilateral.  In  the 
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greater  number  of  families  and  genera  the  vegetative 
structure  is  a broad,  fiat  or  curled  plate  of  tissue.  The 
leaves  of  all  foliose  Hepaticse  are  simple  plates  of  cells,  in 
which  even  the  mid-rib  usual  in  the  leaves  of  mosses  is 
always  wanting. 

The  asexual  generation  or  sporogonium  remains  sur- 
rounded by  a calyptra  (the  ventral  portion  of  the  arche- 
gonium)  until  the  spores  are  ripe.  The  mother-cells  of  the 
spores  arise  from  the  whole  of  the  internal  cells  of  the 
sporogonium,  or  the  intermediate  cells  become  developed 
into  elaters.  The  spores  escape  through  the  dehiscing  of 
the  capsule  in  valves.  The  external  form  and  internal 
structure  of  the  sporogonium  are  very  different  in  the 
different  groups.  The  propagation  by  gemmae  is  very 
common  and  characteristic  ; the  sexual  organs  are  formed 
in  the  thalloid  forms,  on  the  upper  side  exposed  to  light. 
In  the  foliose  forms  the  origin  of  the  antheridia  and  arche- 
gonia  is  very  various,  and  they  are  also  developed  in 
different  ways.  The  antheridium  consists,  in  the  mature 
state,  of  a pedicel  surmounted  by  a globular  or  ellipsoid 
body. 


Abstract  of  Orders  of  Hepatic^. 

The  Hepaticse  are  usually  divided  into  five  orders,  viz : 

1.  Jungermanniese.  4.  Riccieas. 

2.  Marchautiese.  5.  Anthoceroteae. 

3.  Monocleas. 

Order  I. — Jungermannieoe 

Are  plants  with  distinct  stem  and  leaves  imbricated  in 
a distichous  manner,  which  gives  a flattened  character  to 
the  branches  ; the  sporogonium  (capsule)  bursts  into  four 
valves  and  contains  elaters. 

Order  II. — Marchantiece 

Are  small  green  plants,  with  a thalloid  stem,  in  the  form 
of  a lobed  leaf-like  cellular  expansion.  The  sporogonia  are 
collected  on  a stalked  organ,  and  burst  by  four  valves  ; 
they  contain  elaters. 
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Order  III. — Monoclece. 

This  order  contains  transitional  forms  between  the 
Anthoceroteae  and  Jungermannieae.  The  long  sporogonium 
has  a longitudinal  dehiscence,  and  no  columella.  The  first, 
or  sexual  generation,  is  either  thalloid  or  foliose. 

O J 

Order  IV. — Ricciece. 

In  these  plants  the  thallus  is  leaflike,  and  floats  on 
water,  or  in  some  species  is  terrestrial  and  attached  hy 
root-hairs.  The  sporogonium  is  imbedded  in  the  thallus, 
and  does  not  project  above  it ; it  is  indehiscent  and  con- 
tains no  elaters.  The  spores  escape  on  the  decay  of  the 
surrounding  tissue. 

Order  V. — Anthoceroteae. 

The  thallus  is  flat  and  irregularly  branched.  From  the 
archegonium  springs  a pod-like  capsule,  which  dehisces 
longitudinally  into  two  valves  when  ripe.  A columella  is 
present ; the  elaters  have  no  spiral  bands. 


Details  of  Orders  of  Muscineje. 

Order  I. — Bryacece. 

The  Bryaceae,  or  true  mosses,  are  very  plentiful  in  India, 
particularly  in  the  hills.  In  these  plants  the  sporogonium 
is  always  stalked,  and  the  seta  is  usually  of  considerable 
length ; the  theca  always  opens  by  an  operculum,  which  is 
either  simply  detached  from  the  upper  part  of  the  theca, 
or  a layer  of  epidermal  cells  (annulus)  is  thrown  off  with 
the  operculum.  The  opening  of  the  theca  is  mostly  fur- 
nished with  appendages,  separately  termed  teeth,  or  collec- 
tively peristome.  If  the  peristome  is  wanting,  the  sporo- 
gonium is  gymnostomous. 

The  genus  Poly  trichum  (hair-mosses),  to  which  the  largest 
and  most  highly  developed  mosses  belong,  differs  from  the 
other  genera,  in  several  points  in  the  structure  of  the  theca. 
The  teeth  of  the  peristome  are  composed  of  thickened  pro- 
senchymatous  cells  arranged  in  bundles  of  a horse-shoe 
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shape.  The  teeth  ave  from  32  to  64  in  number.  When  the 
operculum  is  thrown  off,  a layer  of  cells  remains  uniting  the 
points  ol  the  teeth.  The  genus  Dlcranum  (fork-mosses) 
include  a large  number  of  species.  D.  palustre  is  a large 
handsome  moss,  with  yellow,  green  glossy  foliage;  the  leaves 
are  broad  at  the  base  with  serrated  edges ; the  urn  is 
nearly  erect,  chestnut  coloured,  and  has  a beaked  operculum. 
The  genus  Tortula  (screw-mosses)  have  long  narrow  urns 
growing  on  erect  seta  (stalks) ; the  teeth  are  long  and 
slender,  and  twisted  round  the  columella  (pillar  in  the  centre 
of  the  urn) ; the  operculum  (lid)  is  long  and  beaked.  These 
mosses  are  very  common,  particularly  in  the  hills.  The  genus 
Grimmia  comprises  a large  group  of  tufted  mosses,  grow- 
ing on  rocks;  erect  when  small,  prostrate  when  mature; 
the  operculum  is  convex  and  slightly  pointed.  The  colu- 
mella falls  away  with  the  operculum  (as  limited  by  some 
botanists  the  columella  does  not  fall  away  but  shrivels 
within  the  urn).  The  hair-mosses,  Pogonatum,  are  very 
showy  plants.  P.  aloides  has  lance-shaped  dentated  leaves 
and  an  oval  urn ; when  moist  the  leaves  are  spreading,  but 
they  cling  close  to  the  stem  when  dry.  The  genus  Bryum, 
or  thread-mosses,  are  also  a large  group  ; they  grow  in  tufts, 
on  trees,  rocks,  and  banks,  with  pear-shaped  drooping  urns 
and  stem  clasping  leaves.  Mmum  have  generally  large 
leaves,  which,  when  examined  through  the  lens,  are  seen  to 
be  dotted  and  edged  with  a thick  border.  The  upper  leaves 
are  larger  than  the  lower  ones,  and  are  arranged  in  a star- 
like  form  ; the  urns  are  large  and  oval.  The  genus  Funaria, 
or  cord-mosses,  have  the  seta  very  much  twisted.  F.  hygro- 
metricci  flourishes  on  wood  ashes,  and  almost  everywhere. 
The  bladder-mosses  ( Physcomitrium ) have  pear  or  club- 
shaped  urns  on  an  erect  or  slightly  curved  seta;  the  oper- 
culum is  covered  by  an  inflated  calyptra;  this  last  pecu- 
liarity gives  the  name  to  the  genera.  The  flat  forked- 
mosses  ( Fissidens ) are  numerous;  they  are  very  small 
plants;  the  leaves  are  placed  alternately  on  either  side  of 
the  stem,  which  sometimes  gives  them  the  appearance  of 
minute  ferns;  the  operculum  is  mitre-shaped.  Anomodon 
is  commonly  found  growing  on  the  roots  ot  trees  and  of 
rocks;  it  has  long  branches  interlacing  one  another.  The 
genus  Leslcea  are  feathery  mosses  with  oval  urns,  on  erect 
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stems,  which  peculiarity  distiuguishes  them  from  the  genus 
Hypnum,  the  true  feather-mosses,  which  have  curved  seta ; 
the  urns  also  are  generally  slightly  bent.  Other  genera  are  : 
Leptotricum,  Trematodon,  Dicranella,  Barbula,  Rliacomi- 
trium,  Pkilonotis,  Meteorium , Stereodon,  Neckera,  &c. 
(For  further  particulars,  see  authorities  named,  page  246.) 

Order  II—  Pliascacece. 

The  Phascacese  are  small  mosses,  the  theca  is  without  an 
operculum,  and  the  spores  escape  on  the  decay  of  the 
sporogonium.  These  earth  mosses  are  very  small,  covering 
the  ground  with  a green  crust  at  first.  They  die  away  in 
a short  time.  The  capsules  have  little  or  no  stalks.  The 
leaves  are  generally  in  eight  rows,  and  the  whole  plant  is 
wonderfully  minute. 

Order  III. — Andreceacece. 

These  mosses  are  in  India,  found  only  at  considerable  ele- 
vations in  the  Himalayas.  They  are  small  csespitose  plants, 
very  leafy  and  much  branched  with  blackish  red  foliage, 
which  gives  them  a burnt  appearance.  This  curious  order 
of  mosses  has  some  striking  points  in  common  with  the 
Jungermanniese,  particularly  in  its  4-valved  capsule  and 
irregularly  torn  calyptra;  thus  connecting  the  Hepaticse 
with  the  Musci.  The  capsule  has,  however,  a central  colu- 
mella, and  is  terminated  by  an  evident,  though  persistent, 
operculum. 

Order  IV. — Sphagnacece. 

The  Sphagnacese  include  only  the  single  genus  Sphag- 
num. The  stem  in  these  plants  is  repeatedly  branched, 
and  these  again  are  much  divided.  The  urns  are  glo- 
bular (without  a peristome)  placed  on  very  short  seta. 
Sphagnum  in  India  is  only  found  in  the  hills.  Mr.  J.  S. 
Gamble,  who  has  made  a large  collection  of  mosses  at  Dar- 
jiling, informs  me  that  he  only  once  found  a Sphagnum  in 
that  neighbourhood,  and  that  at  the  summit  of  Tonghoo, 
10,000  feet  elevation.  The  epidermal  tissue  of  the  stem, 
&c.,  is  provided  with  broad  thin-walled  empty  cells,  which 
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serve  as  a capillary  apparatus  for  the  plant  through  which 
the  water  in  which  it  grows  is  raised  up  and  carried  to 
the  upper  part,  hence  it  results  that  the  Sphagna,  which 
alwaj's  grow  erect,  are  penetrated  with  water  to  their 
very  summits  like  a sponge,  even  when  their  tufts  stand 
high  above  the  surface  of  the  water. 

t 

Order  V. — Jungermanniece. 

The  greater  number  of  the  plants  of  this  order  form 
slender  filiform  stems  with  numerous  sessile  leaves;  these 
leaves  are  sometimes  arranged  in  two  rows,  situated  on  the 
upper  side  as  in  Radula.  Usually,  however,  we  find  three 
rows  of  leaves,  one  being  developed  on  the  under  or  shaded 
side  (Amphigastria),  the  other  two  rows  on  the  upper  side. 
The  principal  genei’a  are : Jungermannia,  Plagiochila, 
Lepidozia,  Mastigobryum,  Calypogea,  Radula,  Madotheca, 
Lejeunia,  and  Frullania. 

Order  VI. — Marchantiece. 

The  Marchantiefe  are  minute  green  plants  with  a thalloid 
stem  extending  fiat  upon  the  ground  ; the  underside  pro- 
duces a number  of  root-hairs,  the  upper  side  is  covered  by 
a very  distinctly  differentiated  epidermis  having  large 
stomata  of  peculiar  form.  The  antheridia  and  archegonia 
are  borne  on  separate  stalked  receptacles,  which  should  not 
be  confused  with  the  sporogonia  of  other  groups.  The 
principal  genera  are:  Marchantia,  Dumortiera,  Orimaldia, 
and  Fvmbriaria. 


Order  VII. — Monoclece. 

The  Monoclese  contain  transitional  forms  between  the 
Juimermanniese  and  the  Anthocerote®. 

D 

Order  VIII. — Ricciece. 

The  Ricciese  are  minute  plants  found  floating  in  water, 
among  Lemna,  or  rooting  in  the  ground. 

Order  IX. — Antlioceroteoe. 

These  plants,  which  grow  on  loamy  ground,  have  a per- 
fectly leafless  flat  thallus;  its  irregularly  developed  rami- 
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fications  forming  a circular  disk.  In  A.  pundatus,  adventi- 
tious shoots  proceed  from  the  margin  of  the  thallus,  and 
also  from  the  upper  surface. 

GROUP  III. — THALLOPHYTA. 

Under  this  term  are  comprised  Algae  and  Fungi  (Lichens 
being  also  included  in  the  latter  section). 

The  term  Thallophvte  is  an  adequate  one,  in  so  far  as 
it  points  out  one  prominent  property  of  the  external  con- 
formation of  most  Algae  and  of  all  Fungi;  but  a sharp 
boundary  line  cannot  be  drawn  in  this  respect  between 
the  Algae  and  Fungi  and  the  group  Muscineae. 

The  cellular  structure  of  the  plants  of  this  group  is  their 
principal  bond  of  connection ; and  their  most  striking 
character  of  distinction  from  the  higher  Cryptogams  ; the 
extraordinary  variety  of  the  forms  and  mode  of  life  of  the 
Thallophyta  render  it  impracticable  to  characterize  them 
collectively  by  giving  a prominence  to  any  other  special 
feature  of  their  growth  or  reproduction,  especially  alter- 
nation of  generation,  as  may  be  done  in  the  higher  groups 
of  the  Cryptogamia.  . 

The  lower  forms  of  the  two  divisions  of  the  Thallophyta 
are  very  closely  connected  on  account  of  their  great  sim- 
plicity of  organization,  which  excludes  the  possibility  of 
many  different  characters;  it  is  therefore  impossible  to  lay 
down  accurate  lines  of  demarcation  between  these  two 
divisions  : it  may,  however,  be  stated  broadly  that  Algce 
contain  chlorophyll,  and  are  therefore  able  to  assimilate 
inorganic  substances ; while,  on  the  other  hand,  Fungi 
contain  no  chlorophyll,  and  are  therefore  unable  to  make 
use  of  unassimilated  food  materials,  but  are  found  to  live 
as  parasites  in  other  organisms,  or  on  organic  remains. 

In  arranging  the  two  divisions  of  the  Thallophyta,  it  is 
perhaps  best  to  follow  the  classification  adopted  in  the 
fourth  edition  of  Sachs’  “ Lehrbuch  der  Botanik,  ” in  which 
Algae  and  Fungi  are  arranged  under  four  classes,  depend- 
ent on  the  nature  of  their  reproductive  organs,  each  class 
consisting  of  two  parallel  series ; the  first  series  ( Algae ) 
containing  chlorophyll,  the  second  series  (Fungi)  con- 
taining none.  (See  Sachs’  Text-book  of  Botany,  translated 
by  Beunet  and  Dyer.) 


Abstract  of  Orders  of  Thallophyta. 
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/Cyanophycese.  Ex. : Nostoc.  f Saccharomyces,  Yeast  plant, 

i Palmellaceaj.  Ex.:  Palniella.  ( Schizomycetes,  Bacterium-Bacillus. 
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Abstract  of  Orders  of  the  Cryptogamic 
Group. 

Thallophyta. 

Class  I. — Carpospores. 

The  result  of  the  fertilization  of  the  female  organs  by 
the  antherozoids  is  the  production  of  a fruit-like  body,  in 
which  a number  of  cells,  besides  the  true  reproductive 


cells,  take  part,  and  in  which 
which  ultimately  germinate. 

Order  I. — Characece 

Are  submerged  fresh- water 
plants  with  verticillately 
branched  stems,  the  ultimate 
branchlets  resembling  linear 
leaves.  Reproductive  or- 
gans, nucules  ( female  organs), 
and  globules  (male  organs). 


Order  II. — Floridece 

Are  marine  Algae,  mostly 
of  a red  or  violet,  rarely  of 
an  olive,  purple,  or  brownish 
colour;  form  variable.  They 
are  propogated  sexually  by 
means  of  carpospores  formed 
in  capsular  fruit-like  cells. 
The  antherozoids  are  not 
endowed  with  independent 
motion. 

Order  III. — Coleochcetce 

Are  minute  fresh-water 
green  Algae,  constructed  of 
branched  rows  of  cells  attach- 


are  produced  the  carpospores, 

Order  I. — Basidiomycetes 

Are  Fungi  growing  on 
dead  organic  matter.  From 
the  mycelium  (a  structure 
developed  from  the  spore) 
is  produced  the  asexual 
generation,  which  is  ordi- 
narily called  the  mushroom 
or  receptacle,  usually  bear- 
ing quaternary  asexual  spores 
at  the  apex  of  erect  basidia 
(projecting  portions  of  the 
Fungus). 

Order  II. — lEcidiomycetes 

Are  Fungi  parasitic  on 
living  plants ; the  carpos- 
pores are  developed  from 
the  mycelium  beneath  the 
epidermis  of  the  leaf.  The 
fruit-like  structure  (secidia), 
when  mature,  breaks  through 
the  epidermis  of  the  leaf,  and 
forms  an  open  cup,  in  which 
the  spores  are  produced. 

Order  III. — Ascomycetes. 

The  asexual  generation 
comprises  a greater  variety 
of  forms  than  any  other 
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ed  to  the  submerged  parts  order  of  Fungi.  The  com- 
of  other  plants,  and  form-  mon  characteristic  by  winch 
ing  circular  discs.  The'  all  the  different  forms  are 
carpogonium  is  always  the  connected,  is  the  asexual 
terminal  cell  of  a branch,  formation  of  spores  in  the 
They  produce  swarmspores.  interior  of  sacs  (asci). 

Class  II. — OospobEjE. 

Reproduction  takes  place  by  oospores  (fertilized  oos- 
pheres)  resulting  from  the  fertilization  of  a large  oosphere 
(female  or  germ-cell)  by  minute  antherozoids  (male  or 


sperm-cell). 

Order  I. — Fucacece 

Are  olive-coloured  sea- 
weeds of  a cartilaginous  tex- 
ture, usually  attached  to 
rocks  by  a discoid  base.  The 
oospheres  are  set  free  by  the 
bursting  of  the  oogonia,  and 
are  fertilized  outside  the 
plants  by  the  antherozoids, 
and  the  fertilized  oosphere 
at  once  develops  into  a new 
individual. 

Order  II. — (Edogoniece 
Are  fresh-water  filamen- 
tous Algae,  usually  attached 
to  the  submerged  parts  of 
other  plants.  The  thallus 
consists  of  unbranched  or 
branched  rows  of  cells.  The 
spermatozoids  and  oospores 
are  formed  in  the  cells  of 
the  filaments. 

Order  III. — Siphoneae 
Are  plants  living  on  damp 
earth,  or  in  water,  consisting 
of  a single  though  much 
branched  tubular  cell ; the 


Order  I. — Phycomycetes 

Are  unicellular  filamen- 
tous colourless  parasites. 
This  order  may  be  divided 
into  two  sub-orders — the 
Saproleginieoe  and  the  Pero- 
nospoveae.  ■ The  plants  in 
both  sub-orders  form  spheri- 
cal oogonia  (special  organ  of 
the  mother  plant  in  which 
the  germ-cell  lies)  at  the 
end  of  the  mycelium  struc- 
ture, in  each  of  which  one  or 
more  oospores  result  from 
fertilization. 

The  Saproleginiese  mostly 
grow  on  the  bodies  of  insects 
petrifying  in  water. 

The  Peronosporese  live  in 
the  interior  of  Phanerogams ; 
the  branches  of  their  uni- 
cellular mycelium  growing 
between  the  cells  of  the 
tissue  from  which  they  draw 
their  nourishment,  as  in  the 
tubers  of  the  potato. 
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free  part  of  the  cell  that  does 

not  penetrate  the  ground 

contains  a parietal  layer  of 

protoplasm  with  abundance  • 

of  chlorophyll,  but  forms  no 

nucleus. 

Order  IV. Splicer  oplece. 

A group  of  green  filamen- 
tous Algse. 

Class  III—  Zygospores. 


In  this  class  the  reproduction  takes  place  by  the  union 
of  two  apparently  similar  cells.  The  class  may  be  divided 
into  two  divisions  according  as  the  conjugating  cells  are 
motile  or  stationary.  The  product  of  the  coalescence 
surrounds  itself  with  a firm  cell-wall,  and  is  termed  a 
zygospore;  which  generally  germinates  only  after  a long 
period  of  rest. 

Conjugating  Cells  Stationary. 


Order  I. — Conjugates. 

In  the  Mesocarpece  and 
Zygnemeoe,  conj  ugation  takes 
place  between  cells  belong- 
ing to  distinct  unbi’anched 
filaments.  In  Desmidiece 
and  Diatomacece,  between 
isolated  cells. 


Order  I. — Zygomycetes. 

Infest  dead  or  dying  parts 
of  plants,  especially  fleshy 
fruits,  which  quickly  decay 
in  consequence  of  their  at- 
tacks ; the  mycelium  is  uni- 
cellular, and  much  branched. 


Conjugating  Cells  Locomotive. 


Order  II. — Hydrodictyece 

Are  fresh- water  plants, dis- 
tinguished by  forming  a 
large  number  of  swarm- 
spores,  which,  when  they 
come  to  rest,  unite  into  a 
single  family ; net-like  in 
Hydrodictyon,  tubular  in 
Pediastrum. 


Order  II. — Myxomycetes. 

These  plants  consist  in  their 
vegetative  condition  of  mass- 
es of  naked  protoplasm (plas- 
modia),  which  possess  a 
creeping  motion  on  the  sub- 
stratum of  decaying  matter, 
earth,  &c.,  on  which  they 
grow. 
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Order  III. — Volvocinece 
Are  microscopic  Algie  liv- 
ing in  colonies,  which,  during 
the  whole  of  their  vegetative 
period,  are  continually  in 
motion,  the  motion,  as  is 
usually  the  case  with  swarm- 
spores,  being  caused  by  two 
cilia. 

Class  IV. — Protopiiyta. 

No  sexual  mode  of  reproduction  is  known  in  these  plants; 
propagation  takes  place  by  fission  only. 

Order  I. — Saccharomyces 
Are  Fungi  consisting  of 
branched  rows  of  roundish 
or  ellipsoid  cells  which  grow 
in  saccharine  fluids;  . and  in 
growing  cause  the  decom- 
position of  the  fluid  with 
formation  of  alcohol,  &c. 

Order  II. — S chizomycetes 
Are  most  minute  organisms, 
spherical  and  solitary,  or  rod- 
like, and  united  in  filaments, 
characterized  by  the  ease  with 
which  they  break  up  into 
separate  cells,  as  soon  as  they 
come  into  contact  with  the 
atmosphere. 


ALGM 

The  Alga;  are  cryptogamic  plants  living  in  water  or  in 
damp  places  exposed  to  the  light,  always  containing  chlo- 
rophyll; they  are  extremely  variable  as  to  form,  size,  and 
colour.  ’ They  include  some  of  the  smallest  and  simplest 
forms  of  the  vegetable  kingdom,  rising  in  other  instances 
to  a Ilia'll  degree  of  organization  and  considerable  dimen- 
sions. The  development  of  the  mass  of  Algae  is  attained  in 


Order  I. — Cyanophyceoe 
Are  unicellular  Algae  of 
thread  shaped,  or  moniliform 
rows  of  cells,  usually  simple, 
rarely  branched,  enclosed  in 
gelatinous  sheaths,  by  which 
they  are  united  into  large 
colonies.  They  live  in  water 
and  damp  places. 
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different  ways, — sometimes  the  single  individuals  increase, 
as  occurs  in  the  most  perfect  forms,  Charace®,  &c. ; at 
other  times  numerous  individuals  are  united  into  a genetic 
and  organic  whole,  which  behaves  as  an  individual,  as  in  the 
gelatinous  Algse  (Nostocacese,  &c.) ; they  are  all,  however, 
exclusively  cellular  in  structure  and  destitute  of  stomata. 

In  the  cells  of  the  lowest  forms  of  this  division  nothing 
more  can  be  recognized  than  a cell-wall  containing  a coloured 
protoplasmic  substance;  the  latter  always  possessing  a 
vacuole  (fluid  sap  separated  in  the  form  of  drops).  A 
nucleus  absent  from  the  lower  forms,  is  clearly  present  in 


Fig.  226. 


the  higher;  the  green  protoplasmic  substance  sometimes 
forms  granules,  sometimes  broad  bands,  often  curved  spir- 
ally, as  in  Spirogyra,  sometimes  discs,  the  forms  of  which 
are  characteristic  of  particular  genera. 

The  shape  of  the  cell-wall  is  much  less  varied  than  in 
other  classes  of  plants;  the  cell-walls  of  Algse  have  a great 
tendency  to  become  converted  into  a mucilaginous  sub 
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stance.  In  the  Diatomacese,  great  firmness  of  the  cell-wall 
is  obtained  by  the  deposition  of  silica. 

The  mode  of  combination  of  the  cells  with  one  another 
is  more  various  among  Algae  than  in  any  other  class  of 
plants ; they  are  frequently  arranged  in  a single  row,  or  they 
form  a fiat  surface,  only  one  cell  thick,  or  finally  in  the 
more  highly  developed  forms  of  Algae,  such  as  in  the  various 
species  of  Characese,  Fucus,  Sargassum,  &c.,  they  exhibit 
the  usual  mode  of  formation  of  tissues  which  here  makes 
their  appearance  for  the  first  time  in  the  vegetable  king- 
dom ; the  outermost  layer  of  cells  being  smaller  and  firmer, 
while  the  inner  cells  are  often  very  large,  and  sometimes 
extremely  long : and  the  entire  process  of  growth  is  governed 
by  a single  apical  cell. 

The  external  differentiation  of  the  Algae  in  their  higher 
forms  resembles  the  difference  that  exists  between  stem  and 
leaf,  and  to  a certain  extent  even  of  roots.  True  roots,  how- 
ever, provided  with  a rootcap  are  altogether  wanting  (see 
section  root,  page  3).  Sachs  terms  these  leaf-like  append- 
ages Phylloids,  and  the  root-like  appendages  Rhizoids. 

The  reproduction  of  Algae  is  effected  in  a number  of 
different  ways;  asexual  reproduction  is  known  in  all  the 
classes,  sexual  generation  in  the  three  higher  ; in  numerous 
cases  an  alternation  is  found  between  asexual  and  sexual 


generat  ions.  The  lowest 
forms  multiply  by  dividing 
into  a number  of  cells  or 
segments;  this  is  the  only 
mode  of  reproduction  known 
in  the  Cyanopliyceon  and 
Palmellacece ; it  is  also  very 
common  amongst  the  Des- 
mi  die®  and  Diatoimaceae. 


Another  remarkable  form 
of  asexual  reproduction, 
which  extends  from  the 
lowest  up  to  the  highest 
Algte,  is  that  known  as 


Algae,  is  that  known  as 
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of  certain  cells,  which  are  then  reconstructed,  escape  through 
an  opening  in  the  wall  of  the  mother-cell,  and  then  swim 
about  in  the  water  for  a longer  or  shorter  time,  like  infu- 
soria (the  lowest  class  of  animals),  by  meaAs  of  two,  four,  or 
more  cilia  ; they  are  microscopic  and  destitute  of  a cell-wall. 
After  moving  about  for  some  time,  the  zoospores  lose  their 
cilia, become  encysted,  and  grow  into  new  Algae;  they  occur 
in  both  fresh  and  salt  water. 

In  the  Florideae  (red  seaweeds)  a kind  of  gemma  (see 
section  bud,  page  15)  is  formed  termed  a tetraspore,  which 
consists  of  a parent  cell  divided  into  four  chambers,  the 
contents  of  which  when  set  free  from  the  parent  plant 
grows  up  at  once  into  new  plants. 

Sexual  reproduction  is  brought  about  in  different  ways, 
the  most  important  distinction  being  that  the  sexual  cells 
maybe  either  similar  or  dissimilar  in  size ; in  the  former 
the  reproduction  is  termed  conjugation ; this  occurs  in  the 
class  Zygosporeae  ; in  the  latter,  fertilization  or  impregna- 
tion, the  fertilizing  body  being  termed  a spermatozoid,  an- 
therozoicl,  sperm  or  male  cell,  the  mass  of  protoplasm  which 
has  to  be  fertilized,  an  oospliere,  germ,  or  female  cell.  The 
spermatozoids  are  formed  in  cells  called  antheridia,  and 
when  first  emitted  from  these  cells,  are  usually  endowed 
with  a power  of  locomotion  ; the  female  reproductive  bodies 
or  oospheres  are  formed  in  cells  termed  oogonia.  In  many, 
sections  of  Algae,  especially  in  the  fresh-water  species,  the 
mode  of  reproduction  varies  according  to  the  generation 
(see  page  225). 

The  chlorophyll  in  Algae  is  frequently  concealed  by  the 
presence  of  substances  of  a different  colour.  Fresh-water 
Algae  are  mostly  green,  and  are  found  plentifully  in  any 
stagnant  water.  Marine  Algae  (for  naming  seaweeds,  see 
Harvey’s  Algae  of  the  Southern  Ocean,  1847)  are  chiefly  of 
a brown,  red,  or  olive  colour;  they  are  sometimes  very  large, 
and  occur  in  great  masses,  particularly  Sargassam  bacci- 
ferum,  which  forms  the  celebrated  masses  of  gulf-weed  in 
the  Atlantic  Ocean. 

Characece. 

The  Characeae  are  submerged  fresh-water  monoecious  ox- 
dioecious  plants,  rooting  in  the  ground  and  growing  erect; 
they  have  vertieillately  branched  stems,  the  internodes  of 
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Fig.  228. 


which  (in  Chara)  consist  of  a central  or  axile  cell  surrounded 
in  a spiral  manner  by  other  cells  (see  Fig.  228)  which  form 
a cortex. 


Fig.  229. 


A nucule  in  a monoecious 
Ohara  standing  above  the 
globule. 


The  reproductive  organs  are  of  two 
kinds, — to  the  male  organs  the  term 
globules  is  given,  while  the  female 
organs  are  called  nucules  (see  Fig.  229). 
Globules  and  nucules  stand  on  each 
side  of  the  leaves.  The  globules  are 
small  globular  bodies,  the  walls  of 
which  consist  of  eight  flat  cells,  which 
in  the  ripe  state  are  of  a red  colour ; 
in  the  interior  are  a number  of  cellular 
jointed  filaments,  from  each  joint  of 
which  is  developed  a ciliated  sperma- 
tozoid.  The  nucule  is  an  ovoid  body, 
somewhat  larger  than  the  globule.  It 
consists  of  an  axial  row  of  cells  closely 


surrounded  by  five  tubes,  which  are  coiled  round  it  spirally 
(sec  Fig.  229);  the  whole  is  a metamorphosed  shoot;  the 
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oospore  is  developed  as  the  result  of  impregnation  from  the 
large  apical  cell  of  the  inner  axial  row. 

There  are  only  two  genera,  Chara  and  t Nitella.  In  the 
Nitella  each  internode  consists  of  only  a single  cell,  while 
in  the  stem  of  Chara,  there  is  a central  or  axial  cell,  sur- 
rounded in  a spiral  manner  by  other  cells. 

Chara  verticellata,  Roxb.,  grows  in  standing  sweet 
water;  it  appears  during  the  cold  and  hot  seasons.  The 
joints  of  the  stem  are  somewhat  prickly.  Chara  flacida, 
A.  Braun,  is  very  common  in  tanks  and  jheels  in  Bengal. 
Nitella  Roxburghii,  A.  Braun  (Jhang),  is  common  in  stag- 
nant water  in  Bengal ; the  stems  are  smooth,  and  of  a soft 
flacid  texture ; often  several  feet  long.  Nitella  oligospira, 
A.  Braun,  grows  in  thick  masses. 

FloridecB 

Are  marine  Algse,  mostly  of  a red  or  violet  colour ; the 
green  chlorophyll  grains  being  concealed  by  a red  pigment, 
which  can  be  extracted  by  cold  fresh  water. 

Their  sexual  reproduction  differs  greatly  from  that  of 
most  other  Alg®.  The  spermatozoids  have  no  active 
motion,  and  are  only  moved  about  passively  in  the  water, 
till  they  come  in  contact  with  a hair-like  cell,  the  tricho- 
gyne,  which  is  a long,  thin  hair-like  hyaline  sac,  serving  as 
a receptive  organ  and  springing  from  a structure  which  is 
called  the  trichophore;  near  which  the  result  of  the  fertili- 
zation becomes  apparent ; in  its  simpler  forms  this  structure 
shows  considerable  resemblance  to  that  of  the  Coleochset®. 

The  asexual  organs  of  reproduction  take  the  form  of 
tetraspores,  which  are  not  endowed  with  power  of  motion, 
and  resemble  in  some  inspects  the  gemmae  of  the  Hepatic®. 

The  red  seaweeds  are  abundant  in  warm  latitudes,  occur- 
ring in  deep  water  below  tide-marks.  Most  of  the  Indian 
species  can  be  found  in  the  neighbourhood  of  the  Andamans. 

The  abundant  gelatinous  substance  of  the  thallus  of 
many  kinds,  composed  of  a modification  of  cellulose,  renders 
them  nutritious.  Plocaria  tenax,  Nees,  is  largely  used  by 
the  Chinese  for  making  glue.  In  the  genus  Laurencia, 
Lamx.,  the  colour  of  the  thallus  is  bright  red,  occasionally 
varying  to  pink  or  purple  ; the  thallus  is  thickish,  some- 
times round,  sometimes  flattened.  Laurencia  papillosa , 
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Forsk. ; L.  obtusa,  Hudson ; L.  flag ellif era,  Agh.,  are  also 
common. 

The  Glacelarias  are  slender  gelatinous  seaweeds ; one 
species  is  used  as  an  article  of  food  in  Ceylon.  The  genus- 
Hyphea  are  slender  plants.  Several  species  of  Gelidium 
are  used  by  the  swallows  of  the  Malayan  Archipelago  and 
Cochin  China  for  building  their  famous  “edible  nests.” 

Other  genera  are  : Chylocladia,  A g. ; Porphyra,  A g. ; Am- 
phiroa,  Ag. ; Melobesia,  Lamx. ; Gvateloupia,  Wulf ; Polysi- 
phonia,  Ag. ; and  Polocamium,  Huds.  Dictyota,  Lamx.; 
Padina,  Adans;  and  Didyopteris,  Lamx.,  may  also  be  jdaced 
under  this  order ; they  are  olive-coloured  seaweeds  with  a 
continuous  thallus. 

Coleocliaitai 

Arc  minute  fresh-water  Algse,  consisting  of  branched  rows 
of  cells  attached  in  standing  or  slowly  running  water  to 
the  submerged  parts  of  other  plants,  and  forming  circular 
closely-attached  or  cushion-like  discs.  The  name  of  the 
order  (sheath-hair)  is  due  to  the  circumstance  that  certain 
cells  of  the  thallus  form  hairs  surrounded  with  .sheaths. 
“ The  reproduction  of  the  Coleochmtse  is  brought  about  by 
asexual  swarmspores  and  by  resting  oospores  produced 
sexually.”  The  antheridia  are  formed  at  the  same  time 
as  the  oogonia  in  adjoining  cells  ; one  antherozoid  bearing 
two  cilia  is  formed  in  each  antheridium.  The  oogonium  is 
always  the  terminal  cell  of  a branch;  the  effect  of  fertiliza- 
tion is  seen  in  the  formation  of  the  oospore.  The  oospore 
divides  within  the  oogonium,  and  from  the  cells  thus  form- 
ed swarmspores  escape,  which  grow  into  new  individuals. 
Several  species  of  Coleochsetse  can  be  procured  in  Bengal. 
They  are  all  microscopic. 

Fucacece 

Are  large,  brown  or  olive-coloured  seaweeds  of  a cartila- 
ginous texture ; they  are  found  attached  to  rocks  or  other 
Algre  by  simple  or  iobed  discoid  bases.  The  thallus  branches 
dichotomously ; the  ramifications  all  lie  in  one  plane. 
The  brown  pigment  can  be  extracted  by  cold  fresh  water. 
The  tissue  frequently  becomes  hollowed  out  into  air- 
cavities  which  serve  as  swimming-bladders. 

The  antheridia  and  oogonia  are  formed  in  spherical  hoi- 
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lows  termed  conceptacles.  The  oospheres  are  set  free  by 
the  bursting  of  the  oogonia,  and  are  fertilized  outside  the 
plant  by  the  antherozoids.  Sometimes  »the  antherozoid 
are  present  in  the  same  conceptacles  as  the  oospheres ; 
sometimes  they  are  borne  on  a separate  plant.  The  anthe- 
rozoids are  each  provided  with  two  fine  cilia. 

The  Fucaceae  are  universally  distributed,  especially  on 
rocks  between  tide-marks  or  in  deep  water  buoyed  up  by 
their  vesicular  floats.  Their  chief  value  is  as  a source  of 
iodine,  which  is  extracted  from  the  ashes.  Sargassium 
bacciferum  forms  the  celebrated  “gulf- weed  ” in  the  Atlan- 
tic Ocean  ; this  species  is  also  to  be  found  in  the  Indian 
Ocean  as  well  as  S.  vulgcire,  A g.,  and  S.  illici folium, 
Turner,  &c.  In  the  genus  Asperococcus,  the  thallus  is 
tubular,  and  the  clusters  of  spore-cases  are  mixed  with 
filaments.  The  genus  Mesogloias  has  the  thallus  mucli 
divided  and  thread-shaped.  Other  genera  are:  Sphacelaria, 
Fucus,  &c. 


Fig.  230. 


Escape  of  a swnrmspore  of  an  QZdo- 
gonium. 


CEdogoniece. 

The  CEdogonieae  include 
at  present  only  the  two  ge- 
nera, CEdogonium  and  Bul- 
bochcete.  They  are  filamen- 
tous Algae,  consisting,  in 
CEdogonium,  of  unbranched 
rows  of  cells ; in  Bulbo- 
chaete,  of  branched  rows. 
They  are  mostly  attached 
to  the  submerged  parts  of 
other  plants. 

The  reproduction  of  the 
(Edogonieae  takes  place  by 
asexual  swarmspores,  and 
by  oospores  produced  sex- 
ually. The  oogonium  is  a 
cell  of  the  filament  itself. 
The  mother-cells  of  the  an- 
therozoids are  cells  of  the 
filaments,  similar  to  the 
vegetative  ones,  but  shorter 
and  contain  less  chloro- 
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pliyll ; in  most  species,  each  of  these  cells  divide  into  two 
special  mother-cells,  each  producing  one  antherozoid.  The 
autherozoids  are  very  similar  in  form  to  the  swannspores, 
hut  much  smaller  ; their  motion  due  to  cilia  is  also  similar. 
The  sexual  plants  are  either  monoecious  or  dioecious. 

Alternation  of  generation  takes  place  in  the  following 
manner : the  oospores  formed  by  the  fertilization  of  the 
oosphcre  by  the  antherozoids,  after  remaining  at  rest  for 
a considerable  time,  forms  asexually  usually  four  swarm- 
spores,  from  which  again  similar  ones  proceed  until  the 
series  of  them  is  closed  by  a sexual  generation.  (Edo - 
gonium  scutatum  is  usually  to  be  found  in  any  stagnant 
fresh  water. 


Siphonece 


Fig.  231. 


Are  found  in  fresh  and  salt  water ; they  consist  of  a 
large  single  tubular,  often  branched,  cell.  The  genus 
Vauclicria  is  the  best  known  representative  of  this  order. 
The  thallus  of  Vaucheria  is  often  several  inches  or  a foot 
long,  developing  on  damp  shady  earth  or  in  water. 

Besides  the  occasional  multi- 
plication by  the  separation  of 
branches,  reproduction  is  also 
brought  about  by  asexual  spores 
and  by  sexually  produced  oos- 
pores. All  the  species  of  Vauche- 
ria are  monoecious,  and  the  two 
kinds  of  sexual  organs  are  most- 
ly found  very  near  together.  The 
antheridia  are  hook-shaped  cells 
(see  Fig.  231).  The  oogonia  are 
spherical  cells,  formed  close  to  the 
antheridia  in  which  the  oos- 
phere  originates  by  rejuvenescence.  The  process  of  vege- 
tation in  the  genus  Botvydium  approaches  very  near  to 
Vaucheria. 


opr 

-.0  -p*.  « 


A portion  of  a plant  of  Vau- 
cheria , showing  an  antheridium 
and  ail  oogonium. 


The  marine  genus  Cciulerpa  forms  from  its  single  large 
cell,  creeping  stem-like  structures  which  grow  at  their 
apex,  with  descending  branched  rhizoids  and  ascending 
leaf-like  branches. 
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Conjugates 

Are  distinguished  from  all  other  Algae  by  their  reproduc- 
tion by  the  process  of  conjugation  (see'page  259).  The 
cells  of  the  Conjugatse  are  distinguished  by  the  most  vari- 
ous configurations  and  the  beautiful  arrangements  of  the 
masses  of  chlorophyll.  In  Spirogyra  it  occurs  in  parietal 
spiral  bands.  See  S.  adnata , S.  elongata,  S.  subeequa, 
S.  nitida,  and  S.  decimina.  In  Zygnema  it  is  arranged 
in  radiate  bodies,  as  in  Z.  insique. 

The  Desmiclece  belong  to  this  order  ; they  occur  in  all 
quiet  pools  of  pure  water,  at  the  bottom,  or  adhering  to 
other  plants.  The  principal  genera  are : Closterium, 

Nitzsch  ; Cosmarium,  Menegh ; Desmidium,  Agh.,  &c. 

The  Diatomece  are  nearly  allied  to  the  Desmideae,  but 
are  readily  distinguished  from  these  and  other  unicellular 
Algae  by  the  possession  of  an  epidermal  covering  of  silex, 
which  renders  their  form  indestructable  by  the  ordinary 
agents  of  decomposition;  they  are  all  exceedingly  minute; 
and  many  of  them  are  cosmopolitan  (see  Synopsis  of  the 
British  Diatomacese,  Smith). 

Diatomes  are  found  in  enormous  numbers  at  the  bot- 
tom of  salt  and  fresh  water  attached  to  the  submerged 
parts  of  other  plants.  Besides  the  ordinary  rotation  of 
protoplasm  in  their  interior,  they  exhibit  a creeping 
motion. 

Some  of  the  common  Indian  genera  are  : Cyclotella,  Grun ; 
Coscinodiscus,  Ehrb.;  Achnanthes,  Synedra,  Ehrb. ; 
Nitzschia,  Rab.;  Navicula,  Bory ; and  Fleurosigma,  Grun. 


Are 


Volvocineee 

unicellular  microscopic  plants,  which  during  the 
whole  of  their  vegetative  period 
live  socially  in  colonies  or  singly ; 
they  are  almost  continually  in 
motion,  interrupted  only  by  certain 
periods  of  repose.  The  motion,  as 
is  usually  the  case  in  swarmspores, 
being  caused  by  two  cilia. 

The  social  species  are,  however, 
distinguished  from  swarmspores  by 
the  cells  being  surrounded,  while  in 


A family  of  Pandorina,  tha 
cilia  project  free  into  the  water, 
and  produce  by  their  vibra- 
tions rotating  and  progressive 
movement  of  the  whole  family. 
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motion,  by  a membrane  of  cellulose  through  which  the  cilia 
project  free  into  the  water.  These  curious  and  beautiful 
objects  are  found  abundantly  in  old  tanks. 

Protococcus , a genus  ot  unicellular  Algae,  but  imperfectly 
known,  is  usually  referred  to  this  family;  these  plants  are 
found  abundantly  in  the  mud,  where  rain  water  collects  and 
in  similar  situations.  They  vary  in  colour  from  bright 
green  to  bright  red.  They  multiply  with  great  rapidity 
by  cell  division.  Protococcus  cohoerens  is  very  common  on 
walls  of  buildings  exposed  to  the  weather ; hardly  are  the 
walls  whitewashed,  when  they  again  turn  black,  being 
covered  by  this  Protococcus.  P.  vulgaris  is  also  a common 
Species. 

Cyanophycecc 

Comprise  a largo  number  of  minute  organisms,  including 
the  sub-orders  Oscillatoriae,  Nostocacese, 
Chroococcaceae,  Ttivularieae,  and  Scytone- 
meae.  The  Oscillatorice  (see  Fig.  233) 
are  microscopic  filamentous  structures, 
composed  of  continuous  tubular  sheaths 
enclosing  a green  or  brown  gelatinous 
matter  marked  by  transverse  striae;  the 
extremities  of  the  filaments  vibrate  like  a 
pendulum  or  with  a slightly  vermiform 
oscillation,  whence  the  name  of  the  group. 
Oscillaria  amphibia  may  be  frequently 
found  forming  slippery  layers  (of  about 
one-eighth  line  thickness)  on  brick  steps 
leading  to  tanks,  &c.,  also  submerged  or 
near  the  surface  of  the  water. 

The  Nostocacece  are  plants  formed  of  thread-like  or  monili- 
form  rows  of  cells,  usually  simple,  rarely 
branched.  The  filaments  are  enclosed 
in  gelatinous  sheaths,  by  the  deliques- 
cence of  which  they  are  often  united 
into  large  colonies  which  form  either 
roundish  or  membranous  wrinkled 
masses  [Nostoc,  see  Fig.  234],  Nostoc 
gregarium,  Thuret,  occurs  commonly 
submerged  in  tanks. 


Fig.  234. 


Wrinkled  mass  of  iVos- 
toc  formed  of  thread- 
shaped  cells  enclosed  in 
gelatinous  sheaths. 


Fig.  233. 


Free  thread- 
shaped rows  of 
cells  of  Oscilla- 
toria. 
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The  Chvoococcacece  are  unicellular,  and  agree  with  the  Nos- 
tocacese  in  their  tendency  to  associate  in  slimy  masses,  the 
difference  lies  in  their  cells  not  being  united  into  filaments. 


FUNGI. 

The  Fungi  form  the  second  parallel  division  of  Thallo- 
phytes  (see  abstract,  page  257) ; their  vegetative  elements 
consist  of  cellular  filaments,  destitute  of  chlorophyll,  which 
rarely  branch  dichotomously,  more  usually  by  lateral  shoots, 
and  which  grow  only  at  their  apices ; these  elementary 
constituents  of  Fungi  are  called  hyphce.  It  is  only  in  the 
Phycomycetes,  a transitional  group  between  Algae  and 
Fungi,  that  the  entire  vegetative  portion  of  the  Fungus 
consists  of  a single  undivided  cell. 

The  hyphse  either  run  parallel  to  one  another,  or  their 
numerous  ramifications  are  interwoven  in  various  ways. 

When  these  textures  are  very  dense,  they  assume  the 
form  of  a parenchymatous  tissue,  which  is  known  as 
pseudoparenchyma;  this  tissue  is  especially  developed  in 
the  larger  Fungi,  and  can  be  well  seen  by  boiling  a portion 
of  the  receptacle  of  Polyporus  in  very  dilute  nitric  acid 
and  examining  a section  of  it  under  the  microscope. 

The  cell-walls  of  Fungi  consist  of  a kind  of  cellulose; 
and  the  cells  contain  a characteristic  fatty  oil,  but  neither 
nucleus,  chlorophyll  or  starch.  Calcium  oxalate  is  usually 
found  on  the  surface  of  the  hyphse  of  Fungi.  The  absence 
of  starch  is  not  immediately  connected  with  the  want  of 
chlorophyll.  Since  phanerogamic  parasites  like  cuscuta 
(see  page  159)  and  orbanche  (see  page  164),  although  they 
form  no  chlorophyll,  yet  contain  abundance  of  starch. 

Since  Fungi  do  not  form  chlorophyll,  they  require  for 
their  nourishment  the  previous  formation  of  an  organic 
substance : many  of  them,  therefore,  are  saphrophytes 
growing  on  dead  organic  substances ; others  are  parasites, 
growing  on  living  animals  or  plants;  others  again  are 
endophytes,  living  in  other  organisms ; only  a few  are 
epiphytes,  living  upon  them.  Saprophytes  allied  to  the 
Schizomycetes  are  the  cause  of  the  phenomena  of  fermen- 
tation, decay,  and  putrification. 
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The  ivhole  process  of  development  of  a Fungus  may  be 
Fig.  235.  divided  into 

two  periods : 
First,  from  the 
spore  a myceli- 
um is  produced, 
which  consists 
either  of  simple 
filaments  or 
loose  flocculsnt 
expansions  or 
compact  tuber- 
ous masses 
(sclerotia); 
these  last  are 
not  peculiar  to 
any  particular 
group  of  Fungi; 

but  occur  in 

A fungus  (Mushroom)  : the  root-liko  structure  is  termed  • <»  i-i 

a mycelium  ; the  stem  and  cap  form  the  asexual  generation.  Species  01  me 

most  different 

groups,  like  bulbs  and  tubers  among  Phanerogams.  Second, 
from  the  mycelium  arises  the  receptacle,  on  which  the  spores 
are  developed  ; it  is  usually  the  most  conspicuous  part  of  the 
Fungus;  the  receptacle  varies  greatly  in  its  external  form, 
and  is  usually  produced  above  ground.  Thus  the  whole 
of  the  mushroom  developed  above  ground  is  a receptacle. 

The  production  of  spores  is  almost  always  limited  to  a 
particular  part  of  the  receptacle,  the  hymenium ; these 
hymenia  never  produce  anything  but  asexual  reproductive 
cells,  but  the  hjunenium  bearing  body  itself  may  be  the 
product  of  a sexual  process. 

The  mode  of  reproduction  of  Fungi  is  even  more  various 
than  that  of  Algae.  Sachs  states  that  “ in  those  species  the 
cycle  of  whose  development  is  fully  known,  sexual  and 
asexual  reproduction  occurs,  or  the  latter  is  replaced  by 
conjugation.  In  those  cases  where  neither  sexual  repro- 
duction nor  conjugation  has  hitherto  been  observed,  it 
may  be  assumed  that  our  knowledge  of  the  series  of 
development  is  still  incomplete,  and  that  forms  which  are 
at  present  considered  independent  are  really  only  mem- 
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bers  of  an  alternation  of  generations  (see  page  255).  It  is 
important  to  note  that  it  has  been  already  ascertained 
that  in  many  Ascomycetes,  the  receptacles  which  bear  the 
Ascospores  are  the  result  of  a sexual  process  which  takes 
place  in  connection  with  the  mycelium,  so  that  the  my- 
celium forms  the  first  or  sexual,  the  receptacle  the  second 
or  asexual  generation.  In  the  Phycomycetes,  on  the  other 
hand,  the  product  of  the  sexual  process  is  a resting  cell, 
similar  to  what  is  found  in  many  Algae,  while  the  origin 
of  the  receptacle  of  the  Ascomycetes  corresponds  essen- 
tially with  that  of  the  Florideae.” 

The  systematic  grouping  of  Fungi  is  still  in  process  of 
continued  change  and  improvement.  Whole  sections  of 
genera  of  the  earlier  systems  are  now  recognized  as  simple 
forms  of  development  in  the  alternation  of  generations  of 
other  forms.  For  further  particulars,  see  an  Introduction 
to  the  study  of  Microscopic  Fungi  by  M.  C.  Cooke,  1865  ; 
Handbook  of  British  Fungi,  Cooke,  1871;  Sachs’  Text- 
book, Bennet  and  Dyer’s  translation. 

Basidiomycetes. 

Although  the  largest  and  most  beautiful  Fungi  belong 
to  this  order,  yet  their  course  of  development  is  at  present 
only  very  imperfectly  known. 

The  Basidiomycetes  (Basidium,  a branch  of  the  hyphse 
on  which  the  spores  are  developed,  see  Fig.  237)  may  be 
divided  into  the  following  three  suborders:  1st  Suborder 
Tremellinece  are  Fungi  of  a gelatinous  consistency;  they 
are  found  growing  on  stumps  of  trees  and  on  the  ground; 
they  collapse  on  drying;  if,  however,  they  are  afterwards 
placed  in  water,  they  soon  absorb  it,  and  become  again 
extended  to  their  former  size.  Tremella  foliacea,  Fr.,  is  of 
a rich  claret  colour,  and  of  an  irregular  shape.  T.  ferru- 
ginea,  Sm.,  and  T.  protensa  are  also  common. 

In  the  2nd  Suborder  Idymenomycetes  are  included  the 
commonest  and  best  known  of  ail  Fungi  (mushrooms). 
I he  structure,  which  is  usually  called  the  Fungus,  is  the 
receptacle  (see  Fig.  235).  The  hymenium  (spore-bear- 
ing  expansion  of  tissue)  is  spread  over  the  under  surface  of 
the  receptacle  on  projections  of  various  forms  which  lie  on 
the  underside  of  the  pileus  or  cap  ; on  the  stalk  is  some- 
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times  found  a ring  or  annulus,  which  is  all  that  remains 
ol  a veil  or  covering  (velum  partiale)  which  united  that 
part  of  the  stalk  with  the  outer  edge  of  the  cap  or  pileus, 


Fig.  23G. 


Diagram  of  an  Agavicns ; from 
the  mycelium  arises  the  recep- 
tacle (ch)  supported  on  a stnly. 
(Stip)  (la)  the  lamella:  (cor),  the 
remains  of  the  ruptured  veil. 


Fig.  237. 


A portion  of  the  hymenium  of 
an  Agaricus,  showing  (has)  Ba- 
sidia  on  which  the  spores  are 
formed ; the  sterile  club-shaped 
cells  are  termed  Paraphyses. 


hut  was  ruptured  on  the  expansion  of  the  latter,  or  some- 
times the  pilous  and  stalk  are  both  enveloped  in  such  a mem- 
brane (velum  universale)  or  occasionally  both  are  present. 
The  species  of  Agaricini  (mushrooms)  are  usually  terrestrial 
in  habit.  In  the  Polyjoorei,  the  hymenium  is  spread  over 
the  cavity  of  tubes  or  pores.  The  texture  of  these  plants 
is,  as  a rule,  more  cartilaginous  than  that  of  the  Agaricini. 
The  genus  Polyporus  includes  a lai'ge  number  of  species. 
P.  squamosus,  Fries.,  is  familiar  to  most  persons,  growing 
like  irregular  brackets  of  great  extent  and  considerable 
bulk  at  the  base  of  stems  of  various  trees.  P.  versicolor 
is  also  a familiar  species,  smaller  than  the  last,  but  growing 
in  great  abundance,  tier  above  tier,  usually  of  an  olive 
and  yellow  colour.  The  genus  Boletus  belongs  to  this 
group.  _ . 

In  the  Hydnacei,  the  hymenium  is  spread  over  teeth  or 
spines,  which  are  soft,  usually  of  the  shape  of  an  awl,  and 
distinct  at  the  base.  Ilydnum  zonatum  is  a small  fungus 
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of  a reddish  lilac  hue,  marked  on  the  surface  of  the  cap 
with  darker  zones ; the  centre  becoming  depressed.  The 
Merulius  group  includes  the  plant  known  as  dry  root  M. 
lacrymans,  Fr. 

The  3rd  Suborder  Gasteromycetes  consists  of  fungi  form- 
ing roundish  angiocarpous  receptacles  consisting  of  an  outer 
layer  (peridium)  enclosing  masses  of  tissue  on  which  are 
borne  the  hymenia.  The  Puffballs  ( Lycoperdon ) are  typi- 
cal of  this  order.  Other  genera  are  : Clathrus,  Exidia, 
Geaster  (earth  stars),  Bovista,  & c. 

xEcidiomycetes. 

The  best  known  species  of  this  order  is  Puccinia 
Graminis,  Pers.  (corn-mildew) ; it  occurs  on  the  leaves  and 
culms  of  cereals  and  grasses,  and  is  very  common,  and 
injurious  to  the  plant.  Its  development  not  only  shows 
a distinct  alternation  of  generation,  but  that  peculiarity 
by  which  one  generation  of  a parasitic  fungus  is  devel- 
oped exclusively  on  one  host,  while  another  stage  of 
development  of  the  same  species  occurs  only  upon  a differ- 
ent host.  The  terra  aecidium  (cluster  cups)  is  used  to 
designate  a particular  form  of  fruit,  in  the  cycle  of  devel- 
opment of  Puccinia. 

The  secidia  (rust)  are  always  developed  on  living  plants, 
most  commonly  on  the  foliage  leaves,  usually  on  the  under 
surface  ; leaves  infected  by  these  parasites  present  a singular 
appearance  as  if  sprinkled  with  red  dust.  When  examined 
closely  small  orifices  are  seen  scattered  over  the  under 
surface  of  the  leaves;  these  cups  (secidia)  appear  to  have 
burst  through  the  epidermis  of  the  leaves,  and  elevated 
themselves  above  its  surface,  with  the  lower  portion  attach- 
ed to  the  substratum  beneath  ; these  cups  are  the  fungi,  the 
red  dust  the  spores.  The  spores  from  these  recidia  ger- 
minate beneath  the  epidermis  of  the  leaves  and  stems  of 
grasses,  and  were  at  one  time  considered  as  a distinct  genus 
of  Fungi,  under  the  name — uredo. 

The  cycle  of  development  is  briefly  this  : from  the  resting 
spore  a very  minute  mycelium  (promycelium)  is  produced, 
and  this  usually  divides  into  four  cells,  from  each  of  which 
a minute  cell  (sporidium)  is  developed.  On  finding  their 
way  to  a host  (leaves  of  Berberis,  for  example)  these  spori- 
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dia  germinate  and  their  mycelium  permeates  the  tissue, 
eventually  developing  fructifications  (aecidia)  on  the  under 
surface  of  the  leaf  and  spermogonia  on  the  upper  surface. 
The  spores  which  are  formed  on  finding  their  way  to  a crass 
germinate,  and  form  a mycelium  in  its  tissue,  and  this 
produces  two  kinds  of  reproductive  spores ; one  kind  (the 
uredo  spores)  are  1-celled  and  germinate  at  once  ; the  other 
(teleuto  spores)  are  more  than  1-celled  and  constitute  the 
resting  spores.  To  this  order  belongs  Ustilago  carbo,  the 
smut  of  cereal  grains.  U.  segatum,  Ditin.  (corn  smut), 
occurs  on  the  ears  of  cereals  and  grasses,  and  is  very  com- 
mon. 

Ascomycetes. 

The  Ascomycetes  comprise  a greater  number  of  forms 
than  any  other  order  of  Fungi.  The  common  character- 
istic by  which  they  are  connected  is  the  asexual  forma- 
tion of  the  spores  in  the  interior  of  sacs  (asci)  by  free 
cell  formation.  An  alternation  of  generation  has  been 
clearly  recognized,  in  so  far  as  the  receptacles  in  which 
the  ascospores  are  produced,  owe  their  origin  to  sexual 
union,  which  takes  place  on  the  mycelium.  These  fungi 
grow  chiefly  on  the  dead  parts,  or  remains  of  plants,  on 
living  plants,  or  organic  solutions. 

The  Ascomycetes  may  be  divided  into  five  suborders — 
Tuberaceoi,  Pyrenomycetes,  Discomycetes,  Erysiphece,  and 
Lichenes. 

The  Tuberacece  are  fungi  consisting  of  roundish  tuberous 
bodies,  usually  found  growing  underground,  and  often  sur- 
rounded by  a branched  mycelium ; they  may  at  first  sight 
be  easily  confounded  with  the  Gasteromycetes.  The  truffle 
(tuber)  belongs  to  this  order. 

The  Suborder  Pyrenomycetes  consists  of  fungi  growing 
usually  on  dead  organic  bodies,  and  on  living  plants, 
and  forming  round  or  flask-shaped  receptacles  termed 
perithecia,  which  usually  produce  eight  spores  formed 
simultaneously.  The  perithecia  usually  open  outwards 
by  a small  orifice,  the  internal  cavity  of  which  is  lined 
by  the  soft  hymenium.  When  the  ascospores  germi- 
nate, they  produce  a mycelium  on  which  are  formed  : 
ls£,  conidia ; then  2nd,  spermatia,  enclosed  in  spermogonia  ; 
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and  3rd,  stylospores, formed  in  the  interior  of  pycnidia.  Any 
of  the  members  of  these  series  may,  however,  be  wanting, 
except  the  perithecia.  The  fungus  Claviceps  purpurea, 
which  produces  ergot,  belongs  to  this  suborder.  Its  devel- 
opment and  structure  is  very  complicated.  Other  genera 
are  : Sphceria,  Berk.,  which  has  the  appearance  of  stains 
or  dots  of  every  shade  of  brown  : Xylaria,  Hill : X.  hypoxi- 
lon,  Ehrb.,  is  common  everywhere ; it  has  a charred 
appearance  ; the  thallus  is  sometimes  simple,  sometimes 
branched  : X.  polymorpha,  Pers.,  is  club-shaped  ; it  is  black 
and  heavy,  and  looks  like  charred  fragments  of  wood  on 
the  decaying  stump  on  which  it  is  usually  found. 

The  Discomycetes  live  on  dead  organic  bodies ; they  are 
distinguished  from  the  Pyrenomycetes  mainly  by  the  hyme- 
nium  being  superficial.  This  suborder  includes  Peziza, 
enormously  rich  in  species;  they  are  beautiful  fungi  of  a 
cup-shaped  form  ; the  hymenium  is  spread  over  the  inside  of 
the  cup.  P.  aurantia,  Pers.,  is  of  a pale  orange  colour  on  the 
outside  ; the  plants  grow  in  clusters  : Geoglossum  glabrum, 
Pers.,  is  a black  tongue -shaped  fungus.  Other  genera  are  : 
Phacidium,  Fr. ; Phytisma,  Berk. ; and  Bulgaria,  Fr. 

The  Suborder  Erysiphece  (mildews)  consist  of  fungigrow- 
ing on  the  surface  of  living  plants  and  dead  organic 
bodies  ; they  are  especially  abundant  on  preserved  fruit. 
These  fungi  are  sometimes  included  under  the  Suborder 
Pyrenomycetes. 

The  suborder  Lichenes  are  the  best  known  Ascomycetes, 
and  until  very  recently  they  were  thought  to  occupy  a posi- 
tion in  the  vegetable  kingdom,  equal  in  importance  to  that 
held  by  the  Fungi  and  Algae ; but  the  researches  of  some 
distinguished  botanists  show  that  they  are  Ascomycetes 
belonging  to  the  suborders  Pyrenomycetes  and  the  Dis- 
comycetes, parasitic,  or  consorted  with  Algae  of  the  Chroo- 
coccaceae,  Nostocaceae,  Palrnellaceae,  etc. ; this  mutual  para- 
siticism,  if  it  may  be  so  termed,  appears  to  be  beneficial  to 
both  organisms. 

The  green  parts  ( gonidia ) of  Lichens  contain  chlorophyll, 
and  are  algoid  bodies.  From  these  Algae  the  hyphae  of  the 
fungal  parasite  extract  nourishment  for  their  own  use.  This 
theory  has  been  confirmed  by  the  production  of  a perfect 
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lichen,  Gollema  glaucesens,  by  sowing  its  spores  on  the 
Alga  Nostoc  lichenoides ; of  the  two  components,  the  fun- 
gus is  the  superior,  both  in  bulk  and  nature,  and  it  is  for 
this  reason  that  the  lichens  are  classed  as  Ascomycetes. 

The  spores  of  Lichens  are  produced  in  asci,  which  are 
formed  in  superficial  cup-shaped  receptacles,  termed  apo- 
thecia  in  the  Discomycetes ; perithecia  in  the  Pyrenomycetes. 
Lichens  are  likewise  reproduced  by  soredia  (clusters  of 
gonidia),  which  surrounded  by  a weft  of  by  pine  becomes 
detached  from  the  thallus  and  grow  into  new  thalli. 

The  Algie  hosts  (gonidia)  belong  to  the  orders  Chroo- 
coceaceye,  Nostocaceae,  and  Palmellacese,  &c.  The  fungi 
themselves  have  not  been  found  in  any  other  form  than 
as  parasites  or  Algae. 

The  greater  number  of  lichens  are  found  as  incrustations 
on  damp  ground,  on  the  bark  of  trees,  and  on  stones.  The 
thallus  of  lichens  can  be  dried,  so  as  to  be  pulverized, 
without  losing  its  vitality.  The  following  abstract  shows 
at  a glance  one  of  the  latest  classifications  of  lichens  : 

, Fruticose — 

(Thallus  attached  only  at 
one  spot,  and  rising 
from  it  in  the  form  of  a 
shrub.  Ex. : Usnea.) 


Heteromerous— 

(Gonidia  arranged  in  one 
layer. 


Foliaceous— 

(Thallus  in  the  form  of 
flake-like  expansions 
often  curled,  which  can 
frequently  be  detached 
from  the  substratum.) 


LICHENS... 


Crtjstaceous — 

(Thallus  in  the  form  of 
incrustations.  Ex.  : Gra- 
phis.) 


Homoomerous  — 

(Gonidia  and  hyphte  about 
equally  mingled.) 


Gelatinous — 

Ex. : Collema,  Leptogium, 
&c. 

Non-Gelatinous. 


The  disposition  of  the  gonidia  and  hyphse  in  a thallus 
may  be  sucb  that  those  two  structures  appear  about 
equally  mingled ; the  thallus  is  in  this  case  called 
homoomerous,  or  the  gonidia  are  arranged  in  one  layei,  the 
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hyphse  being  then  separated  into  an  upper  and  an  under 
layer;  such  lichens  are  termed  heteromerous. 

Heteromerous  lichens  may  be  divided  into  fruticose, 

foliaceous,  and 
crustace  o u s. 
Homoomerous 
lichens  may  be 
divided  into 
gelatinous  and 
non- gelatinous. 

In  the  fruti- 
cose lichens, 
the  cortex  com- 
monly consti- 
tutes a layer  of  uniform  thickness  round  the  thallus.  The 
genus  Cladonia  is  usually  found  growing  on  the  ground. 
Cladonia  f areata,  Hoffn.,  has  a brownish  hue,  and  its 
branches  are  simple  or  only  once  forked.  0.  rangiferina,  the 
reindeer  lichen,  is  of  a whitish  colour ; the  form  resembles 
that  of  a miniature  tree,  with  round,  sessile  receptacles;  it 
can  endure  almost  any  amount  of  heat  and  cold ; it  often 
grows  to  the  height  of  8 or  10  inches.  In  the  genus  Stereo- 
caulon,  the  apothecise  are  flat.  The  genus  Usnea  is  a very 
attractive  one ; the  sections  of  the  thallus  are  round,  branched, 
and  drooping.  The  long  pendant  Usneas  are  very  character- 
istic of  the  upper  forests  above  Darjiling.  Usnea  barbata,  Fr., 
or  the  hairy  Usnea,  is  jointed,  very  slender  and  long,  and 
hangs  like  bunches  of  hair  from  the  trees.  Alectoria  jubata, 
Ach.,  is  usually  found  growing  on  the  branches  of  coniferous 
trees,  at  high  elevations  in  the  Himalayas  ; the  sections  of  the 
thallus  are  branched  and  are  of  a dark-brown  colour.  The 
genus  Ramalina  grow  on  decaying  branches ; and  resemble 
diminutive  shrubs.  The  most  important  species  of  the 
genus  Cetraria  is  0.  islandica,  Ach.,  one  of  the  nutritive 
lichens;  it  grows  in  upright  olive-brown  tufts;  the  thallus 
is  paler  on  the  underside  than  on  the  upper,  and  with  a 
fringe  of  dark  hairs  ; it  grows  most  luxuriantly  and  plenti- 
fully in  high  latitudes.  C.  stracheyi,  Bab.,  and  0.  reticulata, 
Kiplh.,  are  also  to  be  found  in  the  Himalayas.  The  genus 
Roccella,  from  which  litmus  is  obtained,  belongs  to  this 
group. 
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In  the  foliaceous  lichens,  the  cortex  is  usually  different 
on  the  upper  surface,  which  is  exposed  to  the  light,  from 
the  under  surface,  which  is  shaded  by  the  thallus.  The 
genus  Solerina  contains  but  two  species ; its  characteristics 
are  the  orbicular  apotheciae  and  woolly  veins.  S.  crocea, 
Ach.,  is  ol  a yellowish  green  colour;  the  sunken  apotheciae 
are  chestnut-coloured;  it  grows  on  ground,  on  the  top  of 
mountains.  The  genus  Sticta  has  depressed  dots  on  the 
under  surface  of  the  thallus,  which  is  large,  lobed  downy 

beneath  and 
free  from  the 
su  b s t r a t u m 
except  at  the 
base.  S.  pul- 
monacea,  Ach., 
is  one  of  the 
handsomest  of 
the  lichens ; the 
colour  varies 
from  a light- 
green  to  an 
olive-brown. 
The  genus  Par- 
melia  contains 
some  handsome 
and  showy  spe- 
cies. P.  capevcita  is  a handsome  lichen,  pale-yellow  above, 
dark-brown  and  hairy  beneath.  P.  perlata  is  of  a silver- 
gray  colour.  P.  saxatilis  is  of  a darkish-brown  colour, 
lighter  towards  the  margin.  The  genus  Leccinora  contains 
a large  number  of  species.  From  L.  tartarea,  the  purple 
die  called  cud-bear  is  obtained.  L.  esculenta,  of  Tartary, 
presents  the  strange  anomaly  of  a free  lichen,  unattached  to 
wood,  stone,  or  earth,  and  drawing  its  entire  nourishment 
from  the  air.  The  genus  Peltigera  also  belongs  to  this  group. 

The  thallus  of  the  crustaceous  lichens  presents  an  affinity 
to  that  of  the  latter  group  in  being  fixed  to  the  substratum 
by  capillary  or  bristle-like  rhizoids,  so  that  it  cannot  be 
removed  without  injury.  The  genus  Lecidea  comprises  a 
large  number  of  species;  the  thallus  is  somewhat  leafy 
and  the  apothecia  are  salver-shaped ; the  substance  of  the 


A lichen  (Pannella)  with  a portion  of  the  baric  of  the 
tree  from  which  it  was  taken  ; in  the  hollow  cup-like 
structures  are  formed  the  spores. 
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thallus  radiates  in  a regular  form  round  the  margin.  L. 
lutea  is  of  a pale-yellow  colour;  the  apothecia  being  of 
a darker  shade.  In  the  genus  Arthonia,  the  crust  is  thin 
and  spreading  and  the  apothecia  round  and  sessile.  These 
lichens  form  greyish  stains  dotted  with  tiny  specks  of 
brown  or  black  upon  trees.  Other  genera  are  : Verrucara 
(the  wartlichens),  Bceomyces,  Pertusaria,  &c.  The  Pictorial 
lichens  form  thin  patch-like  incrustations  on  stones,  and  on 
the  bark  of  trees  ; the  chief  peculiarity  of  their  thallus  con- 
sists in  the  nature  of  the  gonidia,  which  are  often  united 
into  rows  of  cells,  increasing  in  length  by  the  division  of 
the  terminal  cell.  There  are  two  genera — Opegrcipha,  Pers., 
and  Graphis.  Graphis  scripta,  Ach.,  is  to  be  found  every- 
where growing  on  the  stems  ot  trees  (see  Fig.  240). 

The  thallus  of  the  gelatinous  lichens  has  a leaf -like  or 

arborescent  form,  or  consists  of  gra- 
nules, which  constitute  an  incrusta- 
tion. When  dry,  it  is  cartilaginous 
or  brittle,  and  then  absorbs  water 
eagerly,  swelling  up  into  a gelatinous 
body  ; the  gonidia  lie  in  an  apparently 
homogeneous  jelly-like  tissue.  Collema 
is  a typical  form  of  these  lichens. 
The  genus  Leptogium  is  also  charac- 
teristic of  this  group.  (For  deter- 
mination of  genera  and  species  of 
lichens,  see  Leighton’s  Lichen  Flora, 
1872 ; also  see  list  of  authors  cited, 
page  574,  Introduction  to  Cryptogamic  Botany  by  Berkeley, 

Phycomycetes. 

The  Phycomycetes  may  be  divided  into  two  suborders — 
the  Saproleginese  and  the  Peronospoi'eae.  The  Sap- 
roleginese  are  fungi  growing  for  the  most  part  in  water 
and  chiefly  on  the  bodies  of  putrefying  insects,  covering 
them  completely  with  radiating  cells  ; the  contents  of  the 
oogonia  are  fertilized  by  the  antheridia,  which  grow  out 
in  the  form  of  tubes  and  pierce  the  oogonium  to  fertilize  the 
germ-cell.  The  oospores,  in  germinating,  produce  a myce- 
lium, which  bear  first  asexual  zoosporangia,  and  later  the 
e u tl  or0ans  ; from  the  zoosporangia  are  produced  zoo- 


Fig.  240. 


2S2 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


spores  or  swarmspores,  which  germinate  and  form  a myce- 
lium, from  which  arise  again  zoosporangia,  and  later  the 
sexual  organs  ; the  sexual  individuals  are  sometimes  monoe- 
cious, sometimes  dioecious. 

The  Peronosporese  are  fungi  parasitic  on  living  Phanero- 
gams, inducing  in  them  speedy  decay  ; they  have  a strong 
resemblance  to  the  preceding  suborder : the  mycelium,  which 
ramifies  within  the  host  plant,  first  bears  the  conidia 
(asexual  reproductive  organs)  on  branches,  which  in  Pero- 
nospora  protrude  from  the  stomata  of  the  plant  on 
which  they  grow ; in  the  genus  Cyst  opus  they  are  club- 
shaped,  and  form  a hymenium  beneath  the  epidermis  : in 
some  species  the  spores  are  not  immediately  capable  of  ger- 
mination except  when  in  contact  with  water,  as  for  instance, 
drops  of  dew  or  rain  ; they  then  develop  zoospores.  Pero- 
nospora  infestccns  is  the  cause  of  the  potato  disease,  and 
P.  arborescens  is  the  cause  of  the  poppy  disease  in  India. 

Zygomycetes. 

The  Zygomycetes  are  represented  by  the  mucorini,  which 
are  fungi,  growing  on  organic  solutions,  and  consist  of 
a densely  branching  mycelium,  which  bears  both  sexual 
organs  and  asexual  sporangia ; the  root-like  branches  after- 
wards become  multicellular  by  the  formation  of  septa. 

Mucor  mucedo  (see  Fig.  241)  infests  dead  or  dying  parts 
of  plants,  especially  fleshy  fruits,  which 
quickly  decay  in  consequence  of  its 
attacks  ; each  of  the  ascending  branches 
bears  a sporangium  within  which 
numerous  small  spores  arise ; which  are 
set  free  by  the  bursting  of  the  wall  of 
the  sporangium  ; the  zygospores  (see  page 
259)  are  formed  beneath  the  white 
felt-like  texture  of  the  mycelium  fila- 
ments. Penicillium  glaucum  com- 
monly appears  on  articles  of  food  that 
have  been  kept  for  a few  days.  It  pre- 
sents, when  examined  under  the  micros- 
cope, the  appearance  of  a miniature  tree  ; 
the  stem  is  simple,  but  bears  at  its 
summit  a number  of  branches,  resem- 
bling strings  of  beads. 


Fig.  241. 


Mucor  mucedo 
showing  mycelium 
bearing  two  spo- 
rangia. 
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Myxomyeetes. 

The  Myxomyeetes  include  a numerous  group  of  orga- 
nisms, which  in  many  respects  differ  widely  from  all  other 
vegetable  structui'es,  but  in  the  mode  of  formation  of  their 
spores,  stand  nearest  to  Fungi.  Their  cells  are  without  a 
cell-wall  during  the  whole  period  of  their  vegetation  and 
assimilation  of  food,  and  do  not  combine  into  a tissue  ; they 
live  on  decaying  and  rotting  vegetable  substance,  such  as 
tan,  rotten  stems,  &c.  When  they  reach  the  reproductive 
condition,  the  whole  of  the  protoplasm  becomes  trans- 
formed into  sporangia,  or  large  receptacles.  These  sporan- 
gia are  provided  with  a cell-wall,  which  varies  in  colour 
according  to  the  species.  The  sporangia  are  filled  with 
numerous  spores,  usually  accompanied  with  thin  wall 
tubes,  opening  one  into  the  other ; when  the  sporangium 
ruptures,  the  expulsion  of  the  spores  is  assisted  by  these 
tubes  ( capillitium) . 

When  a spore  is  saturated  with  water,  it  opens,  and  the 
whole  of  its  protoplasmic  contents  escape  as  a roundish 
naked  mass ; but  after  some  minutes,  it  assumes  another 
form,  becomes  long  and  pointed  at  one  end,  where  it  is 
provided  with  long  cilia;  it  is  endowed  either  with  a 
rotary  motion,  or  creeps  along,  changing  its  form  like  an 
amseba  (animal  organism) ; these  swarinspores  multiply 
by  division,  but  on  the  second  or  third  day  they  cease 
dividing,  and  unite,  two  or  more  of  them  coalescing  into  a 
homogeneous  protoplasmic  substance,  the  plasmodium, 
also  endowed  with  an  amgeba  like  motion.  The  plasmodia 
pass  into  a resting  state,  and  becomes  encysted,  when  the 
weather  is  dry,  and  can  remain  in  this  condition  for 
months  without  losing  their  power  of  life.  When  the 
weather  is  moist  and  warm,  the  plasmodium  again  creeps 
out  of  these  cysts. 

Arcyria  punicea,  Pers.,  grows  in  abundance  on  dead 
wood  ; the  spores  are  of  a bright  red  colour.  Other  com- 
mon Myxomyeetes  are  : Lycogala  epidendron,  Fr.  ; Reti- 
cular ia  entozunthu,  Berk. ; and  Cyatkus  lloorkevi,  &c. 

Saccharomyces. 

The  Saccharomyces  are  the  yeast  fungi,  which  cause  the 
alcoholic  fermentation  of  the  saccharine  juices  of  plants, 
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or  of  artificial  solutions  which  contain  sugar  in  addition 
to  nitrogenous  substances.  These  fungi  consist  of  small 
roundish  or  ellipsoidal  cells,  which  multiply  by  budding 
for  an  indefinite  time,  giving  oft’  bubbles  of  carbonic 
dioxide ; the  yeast  plant  also  multiplies  by  endoginous 
segmentation  of  the  cells ; the  protoplasm  dividing  into 
four  subdivisions,  around  each  of  which  a new  cell-wall  is 
formed;  each  individual  is  an  ordinary  vegetable  cell, 
usually  containing  a vacuole,  but  no  nucleus;  the  cells  are 
either  solitary,  or  associated  in  heaps  or  strings  ; their  walls 
are  formed  of  a modification  of  cellulose  (the  substance  of 
which  all  vegetable  cell  membranes  are  formed),  and  mixed 
with  which  are  minute  quantities  of  sulphur,  phosphorus, 
potassium,  magnesium,  and  calcium. 

Within  the  cells  exist  nitrogenous  matter,  in  the  condi- 
tion of  protoplasm,  fatty  matter,  and  water ; the  properties 
which  determine  these  objects  to  be  plants,  are  their  power 
of  forming  pi’otein,  cellulose,  and  fat,  out  of  a nutrient 
fluid  of  definite  chemical  composition,  such  as  Pasteur’s 
solution,  which  contains  potassium  phosphate,  2 parts ; 
calcium  phosphate,  2 parts  ; magnesium  sulphate,  2 parts  ; 
ammonium  tartrate,  100  parts  ; cane-sugar,  1,500  parts;  and 
water,  8,394  parts. 

Saccharomyces  cerevisiae  can  be  easily  seen  by  adding 
a small  quantity  of  the  juice  (Taree)  ot  Phoenix  sylvestris 
(Khajoor)  to  a saccharine  solution,  letting  the  solution 
stand  for  about  twenty-four  hours,  and  then  examining 
it  with  a one-eighth  object  glass. 

Schizomyceies. 

The  Schizomycetes  are  the  lowest  forms  of  vegetable  life 
known ; they  are  usually  present  in  great  abundance 
whenever  putrefying  organic  matter  is  found.  AH  these 
organisms  are  characterized  by  the  ease  with  which  they 
break  up  into  their  separate  cells,  as  soon  as  they  come 
into  contact  with  the  atmosphere,  from  which  circumstance 
they  have  received  their  name.  They  include  the  foims 
known  as  Bacteria,  Vibriones,  Spirilla,  Bacillus,  &c. ; these 
organisms  are  placed  among  Fungi,  as  they  show. an  ana- 
logy to  them  in  their  mode  of  life,  since  they  obtain  their 
nutriment  from  organic  substances.  Mr.  D.  D.  Cunningham, 
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who  has  devoted  considerable  time  to  the  study  of  these 
orgauisms,  has  forwarded  to  me  the  following  note  on 
Schizomycete  forms  common  in  the  neighbourhood  of 
Calcutta : — 

“ In  regard  to  Schizomycete  forms  common  in  this 
neighbourhood,  any  number  of  form  species  of  Bacterium, 
Basillus,  and  Spirochmte  are  to  be  obtained  in  all  sorts  of 
media.  Various  Bacterial  and  Basillar  forms  constitute  a 
great  mass  of  the  contents  of  the  lower  portions  of  the 
intestinal  tract  in  man  and  other  animals,  and  as  they  are 
constantly  liable  to  obtain  access  to  the  intrinsic  nutritive 
fluids  of  the  body,  may  often  be  detected  in  small  numbers 
in  these,  quite  apart  from  the  existence  of  any  morbid 
conditions  in  the  host,  but  ready  at  once  to  undergo  farther 
development  and  multiplication  if,  under  any  circum- 
stances, conditions  arise  favouring  them  as  compared  with 
the  intrinsic  living  units  of  the  organism  in  the  struggle 
for  existence.” 


DIRECTIONS  FOR  COLLECTING  BOTANICAL 
SPECIMENS. 


“ Specimens  should,  if  possible,  be  gathered  in  fine 
weather,  and  free  from  external  moisture.  In  selecting 
them,  care  should  be  taken  to  have  the  plants  in  a perfect 
state  of  growth,  with  all  the  parts  from  which  characters 
are  taken.  The  entire  plant,  with  roots,  stems,  leaves,  and 
fiowers,  when  practicable,  should  be  preserved;  and  the 
roots  should  be  washed  before  being  put  into  the  box  of 
the  collector.  In  the  case  of  very  large  herbaceous  plants 
or  shrubs  or  trees,  portions  only  can  be  taken.  These 
should  alwa}7s  be  carefully  selected  so  as  to  exhibit  the 
characteristic  organs.  In  the  case  of  tall  and  slender  Gra- 
minese  and  Cj^peraceae,  the  specimens  may  be  folded  once 
or  twice  backwards  and  forwards,  and  thus  suited  to  the 
size  of  the  paper  used  in  forming  the  herbarium;  and  the 
folds  may  be  secured  during  drying  by  being  pushed  into 
slits  in  small  strips  of  paper.  Ferns  and  many  other  tall 
plants  may  be  preserved  entire  in  the  same  way.  A thick 
branch  or  stem  should  be  split,  so  as  to  allow  of  pressure 
being  applied;  and  very  thick  roots,  as  well  as  bulbs  and 
corms,  may  be  similarly  treated.” — Balfour. 

One  of  the  best  and  most  interesting  methods  of  im- 
pressing  the  characters  of  plants  on  the  memory  is  to  care- 
fully botanize  a selected  route,  then  to  make  dissections  of 
the  different  parts  of  the  plants  found,  dry  them  separately, 
and  afterwards  glue  them  on  paper  in  their  proper  order. 

The  plants  found  during  a four  hours’  excursion  of  this 
kind  on  the  24-th  October  1880  between  the  Naihati  rail- 
way station  on  the  Eastern  Bengal  Railway  and  the  vil- 
lage of  Bhatparah,  a distance  of  about  four  miles,  are  here 
given  as  an  example  (the  names  of  all  the  plants  found 
are  given  below,  whether  in  flower  at  the  time  or  not). 
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Microscopic  and  other  plants  not  readily  diagnosed  should 
he  preserved  for  further  examination  : — 

Ranunculacece. 

Naravelia  zeylanica,  D.  C.  (ChMgal  btiti). 

Anowacece. 

Anona  squamosa,  L.  (Atd) ; Anona  reticulata,  L.  (Nona). 
Menispermacece. 

Tinospora  cordifolia,  Miers  (Gulancha). 

NymphceacecE. 

Nymphaea  lotus,  L. 

Bixaceoe. 

Bixa  orellana,  L.  (Latkan). 

Cruciferce. 

Sinapis  dichotoma,  Roxb.  (Sursha). 

Cappciridacece. 

Gynandropsis  pentaphylla,  D.  C.  (Hurhuriyd).  Capparis 
horrida,  L. 

Morvagacece. 

Moringa  pterygosperma,  D.  C.  (Sajind). 

Malvacece. 

Sida  humilis,  Willd ; Sida  rhombifolia,  L.  (Bdrjala) ; 
Bombax  malabaricura,  D.  C.  (Shimul) ; Hibiscus  vitifolius, 
L.  (Biinkapds) ; Hibiscus  esculentus,  L.  (Dhenrus). 

AurantiacecB. 

Limonia  pentaphylla,  Retz  (Ash-shoura)  ; Citrus  acida, 
Roxb.  (Nebu);  ^Egle  Marmeios,  Corr.  (Bel);  Citrus  decu- 
mana,  L.  (Batavi-nebd) ; Murraya  exotica,  L.  (Kamini). 

Meliacece. 

Azadirachta  indica,  Ad.  Juss.  (Nim) ; Cedrela  toona, 
Roxb.  (Tun). 
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Oxalidacece. 

Oxalis  corniculata,  L.  (Amrul). 

Vitacece. 

Vitis  pallida,  W.  and  A.  (Goaliya  laid) ; Vitis  glauca, 
W.  and  A.  (Gargodliya) ; Lcea  crispa,  L.  (Ban  chdlita). 

Rhamnacecs. 

Zizyphus  Jujuba,  Lam.  (Byar) ; Zizyphus  ocnoplia,  Mill 
(Shydkul). 

Anacardiacece. 

Odina  wodier,  Roxl).  (Jiol) ; Mangifera  indica,  L.  (Am) ; 
Spondias  amara,  Buch.  (Amra). 

Sapindacea}. 

Nephelium  Litchi,  L;  Cardiospermum  halicacabum,  L. 
(Shibjhul). 

Crassulacece. 

Bryophyllum  calycinum,  Salisb. 

Leguminosce. 

Suborder  Papilionacese. 

Tamarindus  indica,  L (Tinfcuri) ; Dolicbos  lablab,  L. 
(Shim);  Dolicbos  sinensis,  L.  (Barbati ) ; Cajanus  indicus, 
Spreng.  (Aral-)  ; Clitoria  ternatea,  L.  (Nil-aparajita) ; Pba- 
seolus  mungo,  L.  (Hali  mug) ; Erythrina  indica,  Lamk. 
(Palita  mandar). 


Suborder  Csesalpiniese. 

Poinciana  pulcherrima,  L.  (Krishna  chura)  ; Csesalpinia 
Bonducella,  Flem.  (Nata);  Cassia  Sopbora,  L.  (Kal  kasunda); 
Cassia  fistula,  L.  (Sondalu) ; Cassia  alata,  L.  (Dadu  mardan); 
Baubinia  variegata,  L.  (Rakt  kanchan). 

Suborder  Mimosem. 

Acacia  tomentosa,  Willd.  (Salsain  babala) ; Acacia  Sirissa, 
Buck.  (Sirish). 


DIRECTIONS  FOR  COLLECTING  BOTANICAL  SPECIMENS.  289 


Myrtacece. 

Eugenia  Jambolana,  L.  (Ivala  jam) ; Psidium  Guyava,  L. 
(Peyara). 

Combretacece. 

Terminalia  Catappa,  L.  (Badam). 

Cucurbitacece. 

Momordica  charantia,  L.  (Karalii.);  Luffa  pentandra, 
Roxb.  (Dhundul) ; Lagenaria  vulgaris,  Ser.  (Lao) ; Tricbo- 
santhes  cucumerina,  L.  (Banpatol)  ; Benincasa  cerifera,  Savi 
(Kurara) ; Coccinia  grandis,  W.  and  A.  (Tela  kucha). 


Papayacece. 

Carica  Papaya,  L.  (Pepiya). 

Cactacece. 

Opuntia  Dillenii,  Haw.  (Nagpbena) ; Cereus  hexagonus, 
Haw. 


Umbellifercv. 

Hydrocotyle  asiatica,  L.  (Thai  kuri). 

Rubiacecc. 

Nauclea  Cadamba,  Roxb.  (Kadam) ; Pavetta  indica,  L. 
(Kukur  cliura). 

Compositce. 

^ ernonia  cinerea,  Less.  (Cbbota  koksim);  Blumea  lacera, 
D.  C.  (Bai  a koksim). 

Plumbaginece. 

Plumbago  zeylanica,  L.  (Chitta). 

Ebenacece. 

Diospyros  embryopteris,  Pers.  (Gab). 

A sclepiadeaz. 

Oalotropis  gigantea,  R.  Br.  (Akanda) ; Dsemia  exiensa, 

R.  Br.  (Ghhagal  banti) ; Hemidesmus  indicus,  R.  Br.  (Anantu- 
mul). 


290 


A TEXT-BOOK  OF  INDIAN  BOTANY. 


Apocynacece. 

Val laris  dichotoma,  Wall.  (Haparmali) ; Thevetia  nerei- 
folia,  Juss.  (Kalika). 

J asminece. 

Nyctanthes  arbor  tristis,  L.  (Siuall). 

Boraginacea ?. 

Heliotropum  indicum,  L.  (Hdtsura). 

Convolvuiacece. 

Tpomoca  sepiaria,  Koen;  Ipomoea  reniformis,  Cliois. 
(Bliuin  kdmri). 

Solanacecc. 

Solarium  ferox,  L.  (Ram  begun);  Datura  alba,  N.  E. 
(Dhu turd) ; Capsicum  frutescens,  L.  (Lal-langka-maricli) ; 
Solarium  verbascifolium,  L.  (Aras). 

Verbenacece. 

Clerodendron  siphonantbus,  R.  Br.  (Bdman-hdfci) ; Teetona 
grandis,  L.  (Segun) ; Vitex  negundo,  L.  (Nisliinda);  Clero- 
dendron infortunatum,  L.  (Bhaut). 

Labiatce. 

Ocimum  sanctum,  L.  (Tulsi) ; Leonotis  Sibirica;  Leucas 
linifolia,  Spreng.  (Halkasa). 

Acanthacece. 

Barleria  dichotoma,  Roxb.  (Sadd  jati) ; Justicia  procum- 
bens,  L. ; Justicia  Adliatoda,  L.  (Bakas) ; Acanthus  ilicifolius, 
L.  (Hdkueh-kanta) ; Ruellia  ringens,  Roxb.  (Burigopdnd ). 

Scrophularinece. 

Lindenbergia  ruderalis,  L.  (Haldi  basunta). 

Gasuarinece. 

Casuarina  equisetifolia,  Forst.  (Jau). 

Euphorbiaceai. 

Ricinus  communis,  L.  (Bheranda) ; Pedilanthes  titliy- 
maloides,  Povi  (Raug-cliitra) ; Ricinus  dicoccus,  Roxb. ; 
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Tragia  'involucrata,  L.  (Bichhati) ; Euphorbia  antiquorum, 
L.  °(Tekata-sij) ; Euphorbia  ligularia,  Roxb.  (Mansasij) ; 
Jatropha  multitida,  L.  (Croton,  sp.) ; Trewia  nudiflora, 
Spreng.  (Pitall). 

Ulmacece. 

Celtis  orientalis,  L.  (Jibun). 

U rticacece. 

Ficus  Carica,  L.  (Dumur) ; Ficus  religiosa,  L.  (Ashwath); 
Artocarpus  integrifolia,  L.  (Kantal) ; Urtica  interrupta,  L. 
(Lai  bichhati). 

Nyctaginacece. 

Boerhaavia  erecta,  L.  (Purna). 

Chenopodiacece. 

Basella  alba,  L.  (Puin) ; Basella  cordifolia,  Lam.  (Puin 
shak). 

Amarantacece. 

Amarantus  spinosus,  L.  (Kanta  nati) ; Amarantus  gange- 
ticus,  L.  (Denga);  Deeringia  indica,  Spreng.  (Ghol  mohani) ; 
Achyranthes  aspera,  L.  (Apaug) ; Alternanthera  sessilis,  R. 
Br.  (Shauchi). 

Polygonacece. 

Polygonum  lanigerum,  R.  Br.  (Pani-marich). 

Hydrocharidece. 

Vallisneria  spiralis,  L.  (Jhangi) ; Hydrilla  verticillata, 
Casp. 

Scitaminece. 

Musa  sapientum,  L.  (Kala) ; Curcuma  longa,  L.  (IPaldi). 

Dioscoridece. 

Dioscorea  anguina,  Roxb.  (Kukur-alu) ; Dioscorea  globosa, 
Roxb.  (Chupri-alu). 

Smilacece. 

Smilax  ovalifolia,  Roxb.  (Kumarika). 
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Commelinacece. 

Commelina  bengalensis,  Kth.  (K&nchara) ; Commelina 
communis,  Kth.  (Jata  kanchara). 

Palmece. 

Phoenix  sjdvestris,  Roxb.  (Khajur);  Areca  catechu,  L. 
(Supari) ; Cocos  nucifera,  L.  (Nuri-kel) ; Borassus  fiabelli- 
i’ormis,  L.  (Till  gachh). 

Aroidece. 

Colocasia  antiquorum,  Schott.  (Kachu) ; Amorphophallus 
campanulatus,  Bl.  (01) ; Colocasia  indica,  Schott.  (Man- 
kachu) ; Typhonium  Roxburghii,  Schott.  (Ghet-kachu). 

Pisticv. 

Pistia  stratiotes,  L.  (Takapanii) ; Lemna  polyrrliiza,  L. 

Cyperaceai. 

Cyperus  rotundus,  L.  (Mutha) ; Scirpus  [ilantagineus, 
N.  E.  (Chenchka). 

OramineoB. 

Panicum  hirsutum,  Kon.  (Jalganti) ; Panicum,  sp. ; Saccha- 
rum  officinarum,  L.  (Uk);  Andropogon  acicularis,  Retz. 
(Chor  kanta) ; Imperata  arundinacea,  Cyrill  (Ulu) ; Cyno- 
don  Dactylon,  Rich.  (Durba) ; Bambusa  arundinacea,  Retz. 
(Bansli). 

Polypodia}. 

Pteris  longifolia,  L. ; Adiantum  lunatum,  L. ; Adiantum 
cordatum,  L. ; Neplirodium  molle,  Desv. 

Bryacece. 

Hypnum  bryoides,  L. ; Tortula  indica,  Hook. 

J unger  manniece. 

Jungermannia,  sp. 

M archantiecB. 

Marchantia  polymorpha,  L. 
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Characece. 

Chara  verticillata,  Roxb. 

Conjugatce. 

Spirogyra  elongata. 

Navicula  calcuttensis,  Gran  ; Cyclofcella  striata,  Gran. 

Volvocinece. 

Protococcus  vulgaris  ; Volvox,  sp. 

Oscillatoriece. 

Oscillatoria  brevis. 

Basidiomycetes. 

Polyporus  versicolor,  Zipp ; Polyporus  squamosus,  Fries; 
Agaricus  stillaticius,  Berk. ; Agaricus  rubisetinctus,  Berk., 
Agaricus  semiglobatus,  Batch. 

Ascomycetes. 

Suborder  Lichenes. 

Graphis  scripta,  Ach. ; Pertusaria  communis,  D.  C. ; Par- 
melia  perlata,  Acli. ; Bteomyces  icmadophyllus,  L. ; Arthonia 
subvelata,  Nyl. ; Lecidea  lutea,  Dicks. 
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Acanthaceae,  167. 

Achene,  60. 

Aclamydeous,  34. 

Acrescent,  43. 

Acuminate,  26. 

Adhesion,  37. 

Adnate,  22,  48. 

Adventitious  bud,  15. 
Adventitious  root,  4. 

^Erial  roots,  6. 

^Estivation,  16. 

Algae,  260. 

Alismaceae,  212. 

Alternation  of  generations,  225. 
Amarantaceae,  179. 

Amaryllideae,  197. 

Amentales,  85. 

Amphitropous,  55. 
Anacardiaceae,  119. 

Anatropous,  55. 

Andraeaceae,  253. 

Andrceeum,  The,  48. 
Androphore,  36. 

Angiospermia,  80 g. 

Angular  divergence,  20. 
Anisostemonous,  37. 

Anonaceae,  90. 

Anther,  48. 

Antherceroteae,  254, 

Antheridia,  227. 

Antherozoid,  226. 

Apex  of  leaf,  26. 

Apocarpous,  53. 

Apocynaceae,  150. 

Apopetalae,  80/. 

Apophyllous,  47. 

Aposepalous,  42. 

Aquatic  roots,  6. 

Araliaceae,  141. 

Archegonium,  226. 

Arillode,  69. 

Arillus,  69. 


Aristolochiaceae,  169. 

Aroideae,  208. 

Arrangement  of  leaves  in  the  bud 
(abstract  of),  17. 

Artocarpaceae,  173. 

Asarales,  84. 

Ascidiomycetes,  275. 

AxSclepiadaceae,  152. 

Ascomycetes,  276. 

Asparagus,  5. 

Asterales,  80u. 

Aurantiaceae,  113. 

Axes,  2. 

Axillary  bud,  1 5. 

Basidiomycetes,  273. 

Begoniaceae,  136. 

Berberidaceae,  92. 

Berry,  60. 

Beta  vulgaris,  5. 

Bignoniaceae,  165. 

Bixaceae,  99. 

Blade,  45. 

Boragituiceae,  1 59. 

Botanical  specimens  (directions  for 
collecting)  285. 

Bracts,  19. 

Branching,  14. 

Bromeliaceae,  199. 

Bryaceae,  251. 

Bud,  15. 

Bud  scales,  19. 

Bulbils,  16. 

Bulbs,  8. 

Cactaeeae,  139. 

Caducous,  42. 

Caesalpitieae,  123. 

Calyciflorae,  807-. 

Calycilloral,  37. 

Calyptra,  245. 

Calyx,  41. 
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Cambium,  SO*'. 
Cnmpanulales,  80ta. 
Campanulate,  45. 
Campylotropous,  55. 
Cannabinauea;,  175. 
Capitulum,  38. 
Capparidacese,  98. 
Capsule,  58. 
Carcerulus,  GO. 
Carina,  45. 
Carpophore,  36. 
Carposporeae,  ‘257. 
CnryophyllacetE,  101. 
Cnryophyllales,  80«. 
Caryopsis,  60. 
Casuarinaceaj,  172. 
Catkin,  38. 

Caudex,  9. 

Caudiele,  5 1 . 
Canlome,  2. 
Celastrales,  80 <[. 
Cbnlaza,  55. 
Chnrnceac,  2G3. 
Chenopodiacese,  180, 
Clienopodiales,  86. 
Cicatrix,  21. 
Circinmite,  17. 
Cladodes,  9. 

Claw,  45. 

Climbing  Stems,  1 1. 
Cocci,  GO. 

Cohesion,  37. 
Coleochaaetse,  266. 
Columella.  248. 
Combretaceas,  133. 
Commelinace®.  204. 
Compositae,  143. 
(Jonduplicate,  16. 
Cone,  38. 

Coniferm,  222. 
Conjugatae,  269. 
Connective,  48. 
Convolvulaeeac,  158, 
Convolute,  17. 

Corm,  7. 

Cormopbyta,  2. 
Corolia,  44. 
Corollilloral,  37. 
Corona,  45. 
Coronarieae,  188. 


Corpuscular,  228. 

Corymb,  38. 

Cotyledons,  18. 

Covering  leaves,  19. 

Crassulaoete,  126. 

Cremocarp,  60. 

Crenate,  26. 

Crucifer®,  96. 

Cryptogam  in,  225. 

Cucurbitacete,  134. 

Cupule,  61. 

Cyanophyce®,  270. 

Cyatheace®,  238. 

Cycade®,  223. 

Cycle,  20. 

Cymose,  14. 

Cyperace®,  213. 

Cypsela,  61. 

Daplmales,  86. 

Darwin’s  classification  of  climbing 
stems,  12. 

Dancus  carota,  5. 

Decandria,  805. 

Deciduous,  42. 

Decompound,  30. 

Decurrent,  22. 

Decussate,  20. 

Dehiscent  fruits,  58. 

Dentate,  26. 

Dextrorse,  11. 

Diadelpbia,  805. 

Diadelphous,  49. 

Diandria,  80a. 

Dichasium,  14. 

Dichotome®,  234. 

Dichotomous,  14. 

Diclamydeous,  34. 

Diclinous,  35.  [805. 

Dicotyledonous  cohorts  (abstract  of), 
Dicotyledonous  orders  (abstract 
of),  80Z.  [87. 

Dicotyledonous  orders  (details  of), 
Dicotyledons,  805. 

Didynamia,  805. 

Didynamous,  48. 

Differentiation,  2. 

Digitate,  28. 

Dilleniaceae,  88. 

I Dioccia,  80c. 
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Dioecious,  3-5. 

Dioscorideae,  1 98- 
Dipterocarpese,  104, 

Disciflorae,  80 p. 

Discomyeetes,  277 . 

Dodecandria,  805. 

Drupe,  60. 

F.bennceae,  147. 

Ebenales,  80.r. 

Elaeagnaceae,  175. 

Emarginate,  26. 

Embricate,  16. 

Embryo-sac,  55. 

Endocarp,  56. 

Endosperm,  69. 

Enneandria,  805. 

Epbipbytic  roots,  6. 

Epicarp  56. 

Epigynae,  187. 

Epigynous,  49. 

Equisetaceae,  234-241. 

Equitant,  16. 

Ericales,  80m;. 

Erysipheae.  277. 

Encyclic.  37. 

Eupborbiaceae,  171. 

Eupliorbiales,  84. 

Extrorse,  51. 

Families,  79. 

Fibrous  roof,  5. 

Ficoidalcs,  80 w. 

Ficus  Indica,  6. 

Filament,  48. 

Filices,  2.30. 

Filicineae,  229. 

Filiform.  48. 

Floats,  32. 

Floral  diagram  of  a typical  mono- 
cotyledon, 186. 

Floral  diagram  (The),  76. 

Floral  leaves,  19. 

Florets,  39. 

Florideae,  265. 

Flower  of  a grass  (diagram  of).  215. 
Flower  of  an  orchid  (diagram  of), 
194. 

Flower  (The),  34. 

Foliage  leaves,  18, 


Follicle,  58.  [50. 

Forms  of  androecium  (abstract,  of  ’, 
Forms  of  calyx  (abstract  of,  43. 
Forms  of  corolla  (abstract  of),  46. 
Forms  of  Foliage  leaves,  23. 

Forms  of  Foliage  leaves  (abstract 
of),  31. 

Forms  of  gynoecium  (abstract  of  ’,  53. 
Forms  of  inflorescence  (abstract  of), 
40. 

Forms  of  Perianth  (abstract  of),  47. 
j Forms  of  stems  (abstract  of),  13. 

| Fruit  (The),  56. 

Fruits  classification  of  (abstract  of), 
65,  67. 

Fruits  (eatable  portion  of),  68. 
Fucacefe,  266. 

Fumariaoeae,  96. 

Fungi,  271. 

Funiculus,  54,  68. 

Fusiform  root,  4, 

Galbulus,  64. 

Gamopetalae,  80u. 

Gamophyllous,  47. 

Gamosepalous,  42. 

I Gasteromyeetes,  275. 

J Gemmae,  15. 
j Gentianaceae,  1 54. 

1 Gentianales,  80a:. 

I Genus,  78. 

Geraneaceae,  1 09. 

Geraniales,  80 p. 
j Gibous,  42. 

Glabrous,  33. 
j Glandular  hairs,  33. 

Gians,  61. 

Gleicheniaceae,  239. 

Globule,  264. 

Glumales,  190. 

Glumes,  19. 

Gnetnceae,  221. 
j Gonidin,  277. 
j Grnmineae,  214. 

1 Guttiferae,  103. 
i Guttifernles,  80o. 

| Gymnosperima,  221 . 
j Gymnospermia,  80 g. 
j Gynaecium,  (The),  51. 

Gynandria,  80c. 
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Gynandrophore,  36. 
Gynandrous,  49. 
Gynobasic,  52. 
Gynophore,  36. 

Hairs,  2,  33. 

Ileptnndriu,  805. 
Hermaphrodite,  35. 
Heterophyllous,  30. 
Hexandria,  805. 
llilum,  68. 

Hispid,  33. 

Hooks,  1 1 . 
Hydrocharidese,  190. 
Hymenium,  272. 
Ilymenomycetes,  273. 
Hymenophyllaeeae,  239. 
Hypericaceoe,  103. 

1 lyphte,  27 1 . 
Hypocrateriform,  45. 
Ilypogynous,  49. 

Icosandrin,  805. 
Impari-pinuate,  29. 
Incompletse,  83. 
Inflorescence,  37. 
Infuiulibuliforin,  42. 
Insertion,  21. 
Internodes,  15. 

Introrse,  51. 

Involucre,  39. 

Involute,  16, 

Isceteae.  243. 

Iswmerous,  37. 
Isostemonous,  37. 

Jllga,  29. 

Juncaceae,  204. 
Jungermannieae,  254. 

Labellum,  47. 

Labiatae,  160. 

Lamiales,  82. 

Lamina,  21. 

Lnuracese,  177. 

Lnurales,  86. 

Leaflet,  23. 

Leaves,  18. 

Leaves  (abstract  of),  19. 
Legume,  58. 


Leguminosse,  121. 

Lemna,  3. 

Lichens,  277,  278. 

Ligulataa,  234. 

Ligulate,  45. 

Ligule,  22. 

Liliacese,  200. 

Linacese,  111. 

Linnean  classes,  80a. 

Lobed,  27. 

Loculicidal,  59. 

Lodiculae,  47. 

Loganiaceae,  153. 

Loranthaceae,  168. 

Loranthus,  6. 

Lycopodiacese,  235. 

Lycopndiete,  243. 

Lythracese,  129. 

Macrospore,  227. 

Magnoliaceas,  89. 

Malpighiaceae,  112. 

Malvaceae,  105. 

Malvales,  80o. 

M arat  tiaceae,  236. 

Marcescent,  43. 

Marchantieae,  254. 

Margin  of  leaf,  26. 

Marsiliaceae,  239. 

Medullary  rays,  807. 

Melastomacese,  128. 

Meliaceae,  115. 

Member,  2. 

Menispermaceae,  91. 

Mesocarp,  56. 

Metamorphosed  leaves,  2. 
Micropyle,  55. 

Microspores,  227- 
Mid-rib.  18. 

Mimoseae,  124.  [15. 

Modes  of  branching  (abstract  of), 
Manama,  80c. 

Monndelphia,  805. 

Monadelphous,  49. 

Monandria,  80a. 

Monocarpellary,  52. 
Monoclamydeous,  34. 

Monocleae,  254. 

Monocotyledons,  183.  [of),  187. 

Monoeotyledonous  orders  (abstract 
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Monocot yledonous  orders  (details 
of),  190. 

Monoecious,  35. 

Monopodial,  14. 

Moringaceae,  100. 

Mucronate,  26. 

Miicule,  264. 

Musci,  247. 

Muscinese,  244. 

Myristicaceae,  177. 

Myrsinaceae,  147. 

Myrtaceas,  127. 

Myrtales,  80s. 

Myxomycetes,  283. 

Naiadaceae,  21 1 . 

Napiform  root,  5. 

Natural  system.  The,  80g. 
Nelumbinceae,  94. 

Nepenthes,  32. 

Nucleus,  55. 

Nudiflorae,  189. 

Nutrition,  1. 

Nyctaginnceae,  181. 

Nymphaeaceae,  93. 

Obdolute,  16. 

Oclirea,  22. 

Octandria,  805. 
fEdoponieae,  267. 

Oleaceae,  149. 

Onapraceae,  131. 

Oogonium,  226. 

Oosphere,  228. 

Oosporeae,  258. 

Ophioplossaceae,  235. 

Opnntia,  9. 

Orchideae,  194.  [250. 

Orders  of  Hepaticae  (abstract  of). 
Orders  of  Muscinete  (abstract  of), 
246. 

Orders  of  Musoinoae  (details  of),  251 . 
Orders  of  Thallophyta  (abstract  of), 
256,  257. 

Organ,  2. 

Orobanchaceae,  164. 

Orthotropous,  55. 

Osmundaceae,  238. 

Ovary,  52. 

Oxalidaceae,  112. 


Paleae,  19. 
Palinatifid,  27. 
Palmatipartite,  26. 
Palmatisect,  26. 
Palmeae,  205. 
Pandanaceae,  207. 
Panicle,  38. 
Papaveraceae,  95. 
Papayaceae,  137. 
Papilionaceae,  122. 
Papilionaceous,  45. 
Pappus,  43. 
Parasitic  roots,  6. 
Parietales,  80???. 
Pari-pinnate,  29. 
Passifloraceae,  134. 
Passiflornles,  80/. 
Pedate,  28. 

Pedicel,  37. 
Peduncle,  36,  37. 
Peltate,  25. 

Peltate  hairs,  33. 
Pentandria,  80a. 
Pepo,  62. 

Perianth,  34. 
Perianth  (The),  47. 
Pericarp,  56. 
Perichaetium,  245. 
Perigynous,  49. 
Perisperm,  69. 
Peristome,  251. 
Personales,  82. 
Personate,  45. 
Petals,  44. 

Petiole,  21. 
Phasaceae,  253. 
Phycomycetes,  281. 
Phyllome,  2,  18. 
Phyllotaxis,  20. 
Pileus,  273. 

Pinnate,  28. 
Pinnatifid,  27. 
Pinnatipartite,  26. 
Pinnatisect,  26. 
Piperaceae,  170. 
Piperales,  84. 

Pista,  6. 

Pistinceae,  210. 
Pistil,  51. 

Pistillate,  35. 
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Pitcher  plant,  32. 

Pith,  80 i. 

Placenta,  54. 

Plant  (definition),  1 . 

Plants  (description  of),  71. 
Plasmodium,  283. 

Plicate,  1 7. 
Plumbnginnee®,  1 45. 
Polenioniace®,  157. 
Polemoniales,  81. 

Pollen  grains,  50. 

Pollen  sacs,  50. 

Pollinin,  51 . 

Polyndelphin,  80c. 
Polyadelphous,  49. 
Polyandria,  805. 
Polycarpellary,  52. 
Polygalace®,  100. 
Polygalales,  80?i. 

Polygamia  aequalis,  80c. 

„ f'rustranea,  80c. 

„ necessaria,  80c. 

,,  Segregates,  80c. 

Polygamia  superflua,  80c. 
Polygamous,  36. 
Polygonace®,  178. 
Polypodiace®,  236. 

Pome,  64. 

Pontederiace®,  203. 

Porous  dehiscence,  51. 
Portulacace®,  102. 
Prefloration,  17. 
Prefoliation,  17. 

Prickles,  34. 

Primary-root,  3. 

Primulales,  80;c. 

Proteace®,  176. 
Prothalluiin,  226. 
Protonema,  244. 
Protophyta,  260. 

Psilote®,  244. 

Pubescent,  33. 

Pulvinus,  21. 

Putamen,  57. 
Pyrenomycetes,  276. 
Pyxidium,  58. 


Quernsles,  84. 
Quincuncial,  16. 


Raceme,  38. 

Racemose,  14. 

Racliis,  37. 

Ranales,  80^. 

Ranunculace®,  87. 

Raphe,  55. 

Repand,  26. 

Resedace®,  98. 

Retinaculum,  51 . 

Revolute,  16. 

Rhamnace®,  116. 

Rhizoearpe®,  233. 

Rhizomes,  7. 

Rhizophorace®,  132. 

Riceie®,  254. 

Root,  3. 

Root  abstract  of  forms  of,  5. 

„ 7. 

I«oot-cnp,  2. 

. Rosace®,  125. 

Rosales,  80?-. 

Rubiace®,  1 41. 

Rubiales,  80«. 

Runners,  9. 

Saccharomyces,  283. 

Salviniaee®,  240. 

Samara,  6 1 . 

Santalace®,  169. 

Santalales,  83. 

Sapindace®,  117. 

Sapindales,  80r. 

Sapotace®,  148. 

Sarcocarp,  57. 

Scape,  37. 

Schedules  (Professor  Ilcnslow’s)  73. 
Schiz®ace®,  238. 

Schizocarp,  58. 

Schizoinycetes,  284. 

Scitamine®,  192. 

Scorpioid  cyme,  39. 
Scrophulariace®,  163. 

Secondary  root,  3. 

Selaginelle®,  242. 

Septicidal,  59. 

Septifragal,  59. 

Serrate,  26. 

Seta,  245. 

Sexual  system,  80. 

Siliqua,  58. 
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Siphone®,  268. 
Sinistrorse,  11- 
Smilace®,  203. 
Solauace®,  loo. 

Sorosis,  64. 

Spadix,  38. 

Spathe,  19,  38. 

Species,  77. 
Spermatozoa!,  226. 
Sphagnace®,  253. 

Spike,  38. 

Spines,  34. 

Spores,  226. 

Square  stems,  9. 
Stamen,  48. 

Staminate,  35. 

Stem,  7. 

Sterculiace®,  106. 
Stigma,  52. 

Sting,  34. 

Stipitate,  36. 

Stipulate,  230. 
Stipules,  22. 

Stolon,  9. 

Strobilus,  64. 

Style,  52. 

Syconous.  64. 

Sty  race®,  148. 
Sympode,  14. 
Syncarpous,  53. 
Syngenesia,  80c. 
Syngenesious,  49. 
Synsepalous,  42. 

Tamaricace®,  102. 
Tap  root,  4. 

Tegiuen,  55. 

'l'endrils,  1 1 , 32. 
Terminal  bud,  15. 
Ternstroemiacese,  104. 
Testa,  55. 
'l’etradynamia,  805. 
Tetradynamous,  48' 
Tetrandia,  80a. 
Tetraspore,  265. 
Texture  of  leaves,  32. 
Thulnmiflor®,  80 1. 
'i’halamifloral,  37. 
Thalamus,  36. 
Thallophyta,  2,  255. 


Theca,  245. 

Tiliace®,  107. 

Torus,  36. 
Tremelline®,  273. 
Triadelphous,  49. 
Triandria,  80a. 
Tricliogyne,  265. 
Trichomes,  2. 
Trichophore,  265. 
Tri-pinnate,  30. 

* Truncate,  26. 

Trunk,  8. 
Tuberace®,  276. 
Tuberous  root,  5. 
Tubers,  8. 

Tubular,  42. 
Twining  stems,  1 1 . 
Typhace®,  209. 

Umbel lales.  80?<. 
Umbellifer®,  140. 
Urt.icace®,  173. 
TJrticales,  85. 
Utriculariace®,  164. 


Vaginate,  21 . 

Yalvate,  16. 

Vanda  Roxburghii,  6. 

Variety,  77. 

Vascular  cryptogams,  226. 

Vascular  cryptogamio  orders  (ab- 
stract of),  229. 

Vascular  cryptogam®  orders  (de- 
tails of),  235. 

Verbenace®,  162. 

Vernation,  16. 

Verticel,  20. 

Vexillary,  16. 

Vexillutn,  45. 

Villous,  33. 

Violace®,  99. 

Vitace®,  1 1 6. 

Volvocine®,  269, 
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Whorl,  20. 


Zygomycetes,  2 
Zygophyllace®, 
Zygospore®,  259 
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OPINIONS  OF  THE  PEESS. 


“ Mr.  Gregg’s  ‘ Text-book  of  Indian  Botany  ’ bids  fair  to  remove  a serious 
stumbling  block  from  the  path  of  Indian  Siudents  of  this  science  . . . and 

while  in  every  way  au  courant  with  the  most  recent  state  of  the  science,  draws  all 
its  illustrations  from  plants  easily  procurable  in  the  county.” — The  Englishman. 

“ The  book  is  a complete  introduction  to  Botany,  illustrated  by  familiar  Indian 
types,  and  as  such  cannot  fail  to  be  of  the  greatest  value  to  all  who  are  interested 
in  the  Flora  of  this  country.  Almost  every  page  contains  several  well-drawn 

and  clearly-cut  wood  engravings Every  district  officer  and 

lover  of  natural  history  should  possess  a copy.” — The  Asian. 

“ It  is  a book  which,  in  fulness  of  detail,  wide  grasp  of  knowledge,  and  skill 
in  setting  it  forth,  reflect  the  highest  credit  on  Mr.  W.  11.  Gregg,  and  which 
ought  to  command  for  it  the  very  highest  place  among  text-books  of  Indian 
Botany.” — Indian  Daily  Xews. 

“ The  scope  of  the  book  is  very  complete,  and  if  future  chapters  are  as  compact 
and  clear  as  these,  it  will  admirably  fullil  the  functions  of  a text-book.  An 
elementary  treatise  on  Iiotany  with  Indian  illustrations  has  become  an  absolute 
necessity  in  these  days  when  so  much  importance  is  attached  in  education,  and 
rightly  so,  to  physical  science;  and  Mr.  Gregg's  work  promises,  as  far  as  we  are 
able  to  judge,  to  supply  the  desideratum."— Indian  Medical  Gazette. 


* 


4 


